CENTURION

Centurion Offline Analyzer



N7 MONTERIA

Contents
19. CENTURION OFFLINE ANALYZER......cootteecciiiiiiirrrreessssss s e s s s snsssssssss s s e ssssnnnnnns 5
19.1  Introduction and BasiCS.........ccceviiriiiiiiiirrirr e ———— 5
19.1.1 T (0T 0T i o] o 1A U EEPR PR 5
19.1.2 Files - loading and restriCtioNS.............ooviiiiiiiic e 5
19.1.3 Basic window and manipulation. ..............coiiiiiiiiiiiie e a e 7
19.1.4 A 1= 111 oo USSP 9
19.1.5 L0 =T ] - 7SO 10
19.1.6 1oL == TSR 11
19.1.7 MisCellaneoUS FUNCHONS .......coiiiiiiiiieee e e e e e e e e e e e e e e e e nnnneees 22
B = 7 T3 Lo o T U = 4 - 1 o PRt 23
19.21 Lo =1 o] (o U EPRP P 23
19.2.2 =T oF= =11 o] o TR PSPPI 23
19.2.3 T PRSPPI 24
19.2.4 e PSPPSR 25
19.3  ANalyzing FSK ... ..ttt e e e e e n e a e aanrannn 27
19.3.1 =T T I = (= SRS 27
19.3.2 Measure shift between toNes. ....... ... e 30
19.3.3 Determine Autocorrelation FUNCLON. ... 32
19.3.4 FSK EXamMPIE RESUILS .......oeoiiiiiiiiiieeieee et e e e e et e e e e e e e eeanees 34
19.4  ANalySing PSK (1) coeeiiiiiiiiri s s 35
19.41 SYMDBDOI RAIE ... e e e e e e e e e e e e s s e e e e e e e e e e arnraeeaaaeaaan 36
19.4.2 Determining N-ary (PRaS@S)......ccoiiiuiiiiiiee et e e e e e e e s e e e e e e e e e annes 38
19.4.3 Determining sub-carrier (modulated tone) freqUeNCY..........ccoviiiiiiiii e 40
19.4.4 Displaying phase constellation ..............eoii e 41
19.4.5 PSK (1) EXample RESUIES .......coooiiiiiiie et 44
e T T X4 F= 1721 T o] 4 72 45
19.5.1 3000 T I = (=SSR 46
19.5.2 Determining N-ary (PRaSES) .......ccuiiiiiiiiiie et e e e st e e e e s e e e s ennreee s 48
19.5.3 Determining sub-carrier (modulated tone) freQUENCY..........coveeeiiiiiiiiiiiiiiee e 50
19.5.4 Displaying phase constellation. .............oooooiiiiiiiiiic e 51
19.5.5 Use of ISD (Inter-Symbol Distortion) COrreCtion ...........cccuvveiieeiiiiiiciiieeec e 53
19.5.6 Comparison of ISD corrected and Original files. ..., 56
19.5.7 PSK (2) EXample RESUIES .......cooiiiiii e 57
19.6  ANAlyZing PSK (3) ceeriiiiiiiiieiiirrs s s s 59
19.6.1 3000 T I = (=SSR 59
19.6.2 Determining N-ary. et e e e e e e e e e e e e e e e e 62
19.6.3 Determining sub-carrier (modulated tone) freqUENCY.........cccueviiiiiii i 63
19.6.4 Displaying phase constellation ..............coooiiiiiiiiiiiic e 64
19.6.5 PSK (3) EXamMPIE RESUIES .....coiiiiiiieeeee ettt e e e e e e e e e e e e eanes 65
19.7 Analyzing MFSK ...t e e e e e e e e e e e e e e e e s s e e e s reasnennnnnnn 67
19.71 =T T I = (= SRS 67
19.7.2 B ICe ] LSS0 o (1 =R 69
19.7.3 MESK EXaMPIE FESUILS. ...ttt e e e e e e e e e e e e e e e e e e e e e annnes 71
19.8  ANalyzing OFDM........ooo i n e 73
19.8.1 3T 4] o o] I = (- TSRO 73
19.8.2 Determining channel frequency and modulation.............cccceeeeiiiiiiciiieiee e 74
19.8.3 Displaying CONSTEIAtION .........cooiiiiiii e 76
19.8.4 ToNe/ChaNNEl SIIUCIUIE. ... et e e e s e e e e e e e e e e snrneeeeee s 77
19.8.5 OFDM EXamPIE FESUIES. ...coiiiiiiieieie e 81

©Copyright Monteria, LLC 2 "



N7 MONTERIA

19.9  Analyzing QAN ... ..o —r et an—rearranrrann_. 83
19.9.1 V20 e e —— e e e e ———e e e ——eeeaa———ae e ———eeaa——eeeaatteeeaaaateeeeanreeeeaares 83
19.9.2 L@ g R UUPSR 91
19.9.3 QUAMEBA ...ttt e et — e e e e ——e e e e ——e e e e e ——et e e et reeeeanteeeeannaeeennnaees 95
19.9.4 L@ Y g 10 PSSR 97
19.9.5 NOES ON QA ...t e e e e e e e e e e e e e e e aa b e e e e e eeeeeseatbbeeeeaaeeeaannees 99

19.10 Analyzing multi-mode bursts. ........cccccoiiiiiiiii s ——— 105
19.10.1  Analyze the header/preamble. ..............ovueiiiiii oo 105
19.10.2  Analyze the OFDM traffic SECHON. .........uviiiiiei e 110
19.10.3  MultiMode Burst EXample reSUILS. ...........eiiiiiiiiieiie e 119

19.11 Analysis considerations..........cccceceeciiiniiirrrcccr e 121
20 B S T 1 o T U oz 1 0] o TP 121
19.11.2  Quality CONSIAEIAtIONS .......eeiiiiiiiiie ittt saae e enee s 122
19.11.3  Baud rate considerations..........ccocooiiiiiiie i 128
19.11.4  Constellation Viewer Considerations. .............cooocouiiiiiiiiiiiiciiieeee e 141
19.11.5 Interpreting Constellation Diagrams. ..........coooeiiiiiiiiiiiiie e 142
19.11.6  Baudrate Correction Considerations. ...........ccccoeiiiiiiii i 160

©Copyright Monteria, LLC 3 ; : )



N7 MONTERIA

This Page is intentionally left blank

©Copyright Monteria, LLC 4



N7 MONTERIA

19. Centurion Offline Analyzer

19.1 Introduction and basics.

19.1.1 Introduction.

This facility permits the User to analyze an unknown signal which has been recorded in .wav
format. This offline approach is so that analysis may continue long after the signal has gone off-
air and permits the User to concentrate on a relatively good selection of the recording.

Usage of the analyzer is further discussed below under various headings:
FSK PSK MFSK OFDM QAM Multimode bursts.

These six sections deal with basic analysis. However life is full of variants and the user should read.
in conjunction Section 19.11 Analysis Considerations

19.1.2 Files - loading and restrictions
On opening the facility (Tools|Offline Analysis Tool) the basic screen appears.

ACenturicn O il 2007]

B

Loading the required file is achieved by clicking FILE|OpenAudioFile and navigating to/selecting
it using the Open dialogue. If the file is Stereo the user is presented with

Select channel

©Copyright Monteria, LLC 5
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COA supports all formats, which have a WAV RIFF Microsoft PCM header with 8- and 16-bit
sample rates. 8 bits not optimal... except with A/Mu-Law compression.

Centurion Offline Analyzer converting...

100%

—

Maximum size sample is ~50 MB uncompressed data. If file is compressed, and is 20 MB or
larger, a max. 48-50 MB of decompressed data will be loaded at once.

COA can load raw samples as data, without any specific headers... as 8 or 16 bits, integer files.
Raw data can be interpreted as complex (even or odd).

Loading completed the screen changes to:

" 1Centurion Offline Analyzer [20 april 2007 ]
File  Help

SAEr\WAVcaptures'SamplesiHamburgat8000(0).wav

N | s[5 o] e[

Note that the main window status line indicates the file sampling rate and Bits/Sample.

©Copyright Monteria, LLC 6




F4E:\COA\7719(0).wav -0 x|
‘FFTSizeI 'I ShiftISize v[ |T_l,lpe|—5l] db .[ FiIlerIKaiser, b=8 |- MinFll] |MaxF|4I]I]I] |AutoL|_ ‘

” e e e el Ll e

e A i = A AR T AT S R

| il
e 2 PEN LIV e = el ff ] ] | @ fB000
[F1=1874 [Fu=1874 [dF-=10 [ dT = 00:00.000.000 | Speed =0 [t =o0:00128 [z-o00:00128

The Title Bar shows the full file path and name. Note that it also shows in brackets the window
ID (in this case 0 = Parent). Since the facility opens a number of Child windows make a note of
this as each is opened.

Four drop menus permit various aspects of the signal in the window to be adjusted.

IKT FFTSize {0 -| FFTSize [[FZ0E < |

Adjusts the FFT size in use.

| Shift BT -]

| shift -

.I-i_ o
_ e mhﬁ-ﬁm ;
Performs a Zoom function along the horizontal (Time) axis. The position of the data displayed

relative to the full recording is determined by the relative position of the horizontal slider under
the window.

©Copyright Monteria, LLC 7 i:;i'



| IType |mj'

‘ IType [SINTE -]

This adjusts the Intensity (amplitude) of the signal. Tones should be yellow with a little red.
Intensive red indicates the signal is being overdriven (causes distortion) and should be avoided.

| Fiteer [TEER -

| Fileer [CETEARY <

Hone
Tliang_ular

Sets the type of Filter shape (and degree) applied to the signal in the window.

Note that the four parameters above are pre cursor selection and applied to the whole file.

These values - MinF (lower) and MaxF (higher) - indicate the range of the visible spectrum in
the work window. If there is a blue background then zoom is in use and there is a restricted
area of view of the spectrum.

©Copyright Monteria, LLC 8
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19.1.4 Level setting

AutoL (AutoLevel) provides on-click functionality by adding an averaged/optimized amplification
thus giving a quick look at a signal's structure as a means of assisting in the decision of what
steps to take next.

| Autol [~ ‘

Alternatively on the Tool Bar one can click H to provide Hard ALC (Automatic Level Control)
with output in a new h window.

E:ll"l,lc -_— |D|£I
|FFT5ize|1l]24 'I Shift ISize "I IType I 50 db "I FiIterIKaiser, b=8 j MinFIl] | MaxFIllI]I]I] | Autol [~

et ot a5 = = > ¢ I | oY
[FI=1874 [Fu=1874 [dF=0 [ dT = 00:0 : peed =0 [v=o00:00128 (2 =00:000128

FIE:\COANFL(0)(h1).wav - ol x|
@Size [FTZZE -| | shift [Size =] |1Type |-50 db =] | Filter[Kaiser. b=8 =] | MinF [0 | MaxF [4000 | AutoL [
| .

4 I 1
EEt 4 =, ) ] 8 <> - | T Y
| FI=1874 [Fu=1874 [dF=0 | dT = 00:00.000.000 | Speed =0 [v1=00:00.128 |[iz-00:00.128

Compare the difference in the h window compared to it's source.

Read in conjunction with Section 19.11.2.2

©Copyright Monteria, LLC 9 1*
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- o] x|
IType [- 50 db =] | Filter [Kaiser, b=8 =] | MinF [0 | MaxF [4000 | Autol [~ ‘

‘ FFTSize | -

Shift [Size ||

ol
[FI=1874 | Fu=1874 dF =0 [ dT = 00:00.000.000 | Speed =0 |t -o000128 (2 -o00:000128

The two arrows show the cursors' initial positions. Clicking and dragging these points (at the
green handles) will produce a second cursor with another one extended from the initial point.

FiE:\COA\7719(0).wav _ ol x|
‘FFTSizelvl Shift [Size =] | IType |- 50 db |+| | Filter [Kaiser. b=8 || | MinF |0 |MaxF|4I]l]l] |AuloL|_ ‘

< |
NS 2 BE EHee e @ edfsooo
[Fr=541 [ Fu = 2865 dF = 2324 dT = 00:22.015.999 | Speed = 0.05 [ =o00:30207 [12-00:52223

Alternatively one may click and drag across a selection area to set the cursors. The mouse
cursor changes to a cross during this operation.

Each set of cursors may be used as a pair (maintaining dF or dT) by clicking between the
handles and dragging as appropriate.

FIE:\COA\7719(0).wav
FFTSize | -] | shift |Size

- o] x|
| MaxF [4000 | Autol [ ‘

=l | IType |- 50 db |-| | Filter |Kaiser. b=8 =] | MinF [0

£2

o
a7 £ R [800D e

[F1=998 [ Fu= 2408 dF = 1410 | dT = 00:10.624.000 | Speed = 0.09 |1 =on:22. 21

|2 -00:32836 4

These can now be individually moved to measure (see value in Status Bar) frequency and time.

Fl Frequency (Lower) in Hz

Fu Frequency (Upper) in Hz

dF Frequency Difference (Fu-Fl) in Hz

t1 Time (Lower) in Min:Sec.mS

t2 Time (Upper) in Min:Sec.mS

dT Time Difference (12-t1) in Min:Sec.mS

©Copyright Monteria, LLC 10 i:;i'
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19.1.6.1

Freq Zoom +

Freq Zoom -

v

el e -
19.1.6.2
19.1.6.3

r Reset Freq Zoom

b

Frequency (vertical axis) zooming

(Not enabled until frequency cursors appear/defined)

(Not enabled until signal zoomed).

(to datum)

Audijo playback
StopPlay

Progress bar

X

- StartPlay.

DI] e i i W @i ug  pdB000 " s ]

Shift/Shift Bandwidth.
Refer Section 19.11.6

(Not enabled until play initiated.)
(Plays file section defined between
cursors t1 and t2 to LINE OUT.)
(Not enabled until time cursors
appear/defined)

When some processes are called these may require extended time. The Progress Bar indicates
ongoing activity. The Break button to the right provides a means of terminating the process at

any time.

©Copyright Monteria, LLC
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19.1.6.4 Create Copy

=10 x|

MinF [0 | MaxF [4000 | AutoL [ ‘

‘ FFTSize (1024 -]

Shift [Size ||

IType |- 50 db ||

Filter | Kaiser, b=8 |

-

o |
2SI 2 D= L e o] i vl i@ edeooo
[FI=1874 [Fu=1874 [dF=0 | dT - 00:08.704.000 |Speed=011  [©=0055033 [12-01:03743

EJE:\COA\Z Dier M=
FFTSize (77 M -] | Stift [Size =] | IType [- 50 db -] | Filter[Kaiser. b=8 -] | MinF [0 | MaxF [4000 | AutoL [ ‘

‘ o
AN 2 = 1 i > = | T
[FI=1874 [Fu=1874 [dF=0 | dT = 00:00.000.000 | Speed =10 [ =00:o0128 [2-o00:000128 4

It is useful to work on a restricted section of the original file which may provide a better quality of
signal. To this end a copy is created.

In the Parent window (0) the section of the file to be copied is delimited by the time cursors.
When the Create Copy button (also labeled New Window) (encircled in red) is clicked that
section is copied to a new window which appears and takes focus.

Note also the new window IDs as ¢1 and the (0) indicates that it has window (0) as a parent.
Depending on the FFTsize/Shift values in the original window only a section of the file may be
seen. When a small section is copied it may only partially file the new window as seen in this
example. One may continue of course to enlarge this in the new window (c1) by manipulation of
it's FFTSize/Shift parameter controls.

In turn this window in focus may become the parent of further Child windows.

©Copyright Monteria, LLC 12 ; : i



19.1.6.5 Resampling.

This function is useful in the analysis of signals in .wav format. While the original file may be
sampled at 8000 or 16000 samples/sec it is an easy matter to resample this to another value.

R [800D R={[12000

In the window of the parent file type in the required sample rate. The range is 4000 to >10000.

Click the [R=] button. At the end of processing (the whole parent file and not a selection of it) a
new window will appear and be in focus.

¥ 1E:\COA\7719(0)(r_12000).wav ol x|
Shift [Size -] | IType [-50 db | | Filter [Kaiser. b=8 =] | MinF [0 | Maxr [CTTON | Autol ‘

‘ FFTSize | -I

i bt R A S T AN DO T A 1 M NGRS

s 4 _

< |
EEU o 5 =, P ) D > = | (P2
[F1=1878 [Fu=1878 |[dF-=0 | dT = 00:00.000.000 | Speed =0 [l =00:00.085 |2 -00:00.085

Note that it's ID is r followed by the sample rate value.

It will also be noted that the sample rate in the status line of the COA main window is also
12000. In fact it takes the sample rate for the window in focus.

In turn this window in focus may become the parent of further Child windows.

©Copyright Monteria, LLC 13 i:;i'
o



19.1.6.6 Filtering

This group of buttons provides spectrum filtering.

Filtering (Select) New Window

Filtering (Reject) New Window

li Filtering (Shape Reject) New Window.

sl

[Band Pass]
[Band Stop]

[Returns focus to unfiltered
parent]

In the Parent window the section of the spectrum one wishes to filter must be encompassed or
delineated by the frequency cursors. A child window is then created as seen in the examples
below with focus switching to the created child window. Note that these windows have the ID f

together with the next available serial number in that series.

Example 1 - Band passing (selecting) the upper tone:

¥ 4E:\COA\7719(0).wav

=10l %]

‘FFTSizeI]I]24 |=| | shift [Size =] | IType |- 50 db |=| | Filter |Kaiser, b=8 x|

MinF [0 | MasF [4000 | AutoL [ ‘

B0 By -

< |
o ﬁg@@gm 4] el ol ) o
| FI= 1684 | Fu = 2560 dF = | dT = 00:00.000.000 | Speed =0

[ =00:00128 [t2-00:00128

FIE:\COA\7719(0)(F1 ). wav

=0l x]

‘ FFTSize |ﬂm -[

Shift [Size |+ [ IType |- 50 db |=] | Filter |Kaiser. b=8 ||

MinF Il] | MaxFI-II]I]I] | Autol [~ ‘

B A A g e TR e R M M e B e ol S e i Ty TR

i L
BN ¢ 2 = = e > = | 1
[FI=1874 [Fu=1874 [dF=0 | dT = 00:00.000.000 | Speed =0 [ =o00:00128  [2-00:00128

As before the child may become the parent for further stages.

©Copyright Monteria, LLC 14
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Example 2 - Band passing (selecting) the lower tone:

WCOALVZ719(0).wav — ol x|

Shift [Size || ||Ty|:|e|—5l] db |-| | Filter |Kaiser. b=8 |-| | MinF |0 |MaxF|4l]l]l] |AutuL|_ ‘

‘ FFTSize (1024 |-|

AN 2
S A A EEE # el e adEw—

[F1=922 [Fu=1798 [dF-876"  [dT = 00:00.000.000 |Speed =0 [ =o00:00128  [2-00:00128
I 1E:\COA7719(0)(f2}. wav =10l x|
‘FFTSize [(TErm =] | shift [size ] | IType |- 50 db |~| | Filter |Kaiser, b=8 |+| | MinF [D | MaxF [4000 | Autol [~ ‘

o | i
NI A DIEl LT e & o A | ml @ edfeooo
[F1=1874 [Fu=1874 [dF=0 | dT = 00:00.000.000 | Speed = 0 |1 =00:00128 [t2-00:00.128
Example 3 - Band Stopping (Rejecting) the noise below the lower tone:
£ 4E:YCOANZ719(0). wav - ol x|
‘FFTSize|1l]24 =l | shift [size ] | 1Type [- 50 db ] | Fitter [Kaiser. b8 -] | MinF [0 | MasF [4000 | AutoL [ |

1 -l
o] A D) ] el i adEoT—

[F1=274 |Fu=1341 [ dF =1067_—{dT >-08-00.000.000 |Speed = 0 (v -00:00128 [i2-o00:000128
YWCOALZ719(0)(F3).vav o] x|
‘FFTSize | v[ Shift ISize 'I | IType |—5I] db 'I FiIterIKaiser, b=8 -] MinFll] | MaxF|4I]I]I] | Autol [~ |

| i
e o I = 3 s G T > = | X
[F1=1874 [Fu=1874 |[dF=0 | dT = 00:00.000.000 | Speed = 0 [t -00:00.128  [t2-o00:00.128

©Copyright Monteria, LLC 15 5 : _



19.1.6.7 Viewing waveform

Right click the parent window to obtain a sub menu. Click Waveform to create a waveform
window.

FE:COA\Files',7719(0).wav - o] x|
‘FFTSizeI -[ ShiltISize -| |T_l,lpe|-5l] db -[ FiItelIKaiser, b=8 =] HinFll] |HaxF|4l]l][l |AuloL|- |

s| B

[F1=1874 [Fu=1874 [dF =0 [dT = unyﬁ’n_nuu | Speed =0 [t =00:00.128 |12 -00:00.128

=0l x|

| dT = 00:00.000.000 | Speed = 0 |t -3713324 [2-371332

Zoom controls are available: Horizontal and vertical.

EIE:\COA\7719(0).wav Low pass filtering may be applied by selecting the frequency from the
| —drop menu then clicking the LPF Filtering button.

This should be

0 the value at, or immediately above, the known or

©Copyright Monteria, LLC 16 ; : i



19.1.6.8 Preparing for analysis

The preceding tools permit the user to prepare the single for analysis with a view to setting
levels, reducing noise and selecting best (or particular) sections for analysis. To summarize:

Presentation - FFTsize, Shift
Signal level - IType
Spectrum - Filter (basic)
Cursors - Time for length of file to analyze
Frequency for width of spectrum, with/without bandpass/band stop considerations

Resample - if necessary a change in sampling at the beginning, and repeat.

Typical preparation procedure:
Open the file.
Using horizontal cursors adjust to measure (approx) signal bandwidth.

Open these cursors to provide sufficient bandwidth as one would provide for the same signal
through a receiver.

However if the signal spectrum requires further processing adjust the horizontal cursors in
conjunction with the Select Filter to isolate wanted tones, or the Reject Filter to notch
interference.

Both functions can be used to improve a signal by using the same method (and other Filter).

The signal should now be ready for analysis. It is prudent to create a copy.

Examine the signal for a good section (or specific) for analysis and mark limits with the vertical
time cursors.

Create a copy (for subsequent working).

©Copyright Monteria, LLC 17 ..\&



Typical preparation sample.

=10l x|

| MaxF [4000 | Autol |

Type |- 50 db ;) Filter |Kaiser, b=8 | | MinF [0

[FI=1874 [ Fu=1874 dF =0 [ dT = 00:00.000.000 |Speed=0 v =000z [e2-omooize

=0l x|

¥ o 5 = = =T e < = T
[Fu=1133 dF = 258 [dT = 00-00.000.000 [Speed=0 [l = D0:00.128

[ - o001z

Initial measurement indicates signal shift (dF) of 258Hz

F3E: \WAVcaptures',5798c(0).wav
Shift [Size | | 1Twpe |- 50 db =]

=10 x|

| MasF [4000 Autol [ |

‘ FFTSize | -]

Filter | Kaiser. b=8 |~

MinF [0

]
ST 2 FE EHE e # o | m @ rdJeooo

[F1=579 [Fu=1417 dF = 838 | dT = 00:00.000.000 | Speed = 0 ['t1 = o0:00.128

[e2=-o0000128 4

©Copyright Monteria, LLC 18

Load the file.
Confirm level at
minimum red. If
required adjust
[Type.

Call horizontal
cursors, zoom in
and set cursors
through the two
tones.

Adjust cursors to be
outside the shift
limits.



=10 x|

| MaxF [4000 | AutoL [~ |

Shift [Size || | 1Type |- 50 db |-| | Filter [Kaiser. b=8 |-| | MinF [0

(rrsuefess_)

|

‘$D “““
dT - 00:00.000.000 | Speed - 0 [a-os22079 [w2-08:22079

e ) < 0]

['F1-603 [Fu=1421 dF - 838

Adjust if necessary
FFTsize to sharpen

display. Use
horizontal slide to
position window

relative to whole file
where data for
analysis resides.

Note the area of noise. This can be removed by bandpass filtering. Confirm positioning of the
horizontal cursors to designate the filter edges. Click the Filtering (Select) button.

—lo x|

Mk [000 | Autal T |

| E]E SWAVCaptures', 5798c(0)(f1).wav
‘ FFTSize [256 -] =] [1Type |- 50 db -]

Shift | Size Filter |Kaiser, b=8 | | MinF [0

G T ol

i 2l
M S o ) 5 =T = < = | I @
[FI=1898 [Fu=1898 [dF =0 [dT = 00:23.007.939 [Speed=0.04  [t1 = 054918

[v=0612192

Adjust the horizontal slider to position wanted g
time cursors to encompass this area. Note
more than sufficient for analysis.

Click the Create Copy button.

o x|

| MaxF [4000 | AutoL [~ |

EE NWAVcaptures',5798c(0)(f1)(cl ).wav
‘ FFTSize -] | shift [Size | | IType |- 50 db -]

Filter |Kaiser. b=8 || | MinF [0

[F1=1898 [Fu=1898 dF =0 [ dT = 00:00.000.000 | Speed =0 [ 't1 = 00:00.032

[2=00:00032

The noise has been
removed.

Note the
window ID'd f

new

réa of data in the window. Position the vertical
e parameter dT = 23 seconds. This should be

Note the
window ID'd ¢

new

This is the signal prepared for analysis and window ¢1 can be considered the parent for further
analysis. Note also the linkage from the original parent 0 through f1 to this window.

©Copyright Monteria, LLC 19
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19.1.6.10 Analysis Tools Group

This group are used in the actual analysis of signals and only summarized here. They will be
discussed later as the need arises.

When they become active depends on whether certain cursors are enabled or not. The

requirements are shown in the [..] brackets using the letters:
N Neither F Frequency T Time B Both.

| x| Il ot o]

Modify Quadrature Amplitude Detector [NFTB] {um}

— FSK Dem [.LF..B] {_fsk}
Auto Correlation Function [..... TB] {_acf}
Approximate One Freq [....... B] {_aof}
Phase Viewer [.....TB]
S(t)=S(t)*n [..F..B] {q}
Quadrature Amplitude Detector [NFTB] {u}

Results are presented in a display window similar to those appearing earlier but each has it's
own ID series, the letters used being shown above in the {..} brackets.

The Phase Viewer mentioned is expanded on in the next section.

©Copyright Monteria, LLC 20 5 : i
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19.1.6.11 Phase Viewer.

=10 x|

FiE:\COA,7719(0). wav

MinF [0 | MaxF [B32 | scate [i1— 5] |

=] 0
|1?l]3 CarrierTone
100 BaudR ate I whiteld
|2 'I n-Psk (Gl
[~ SyncSensitivity [~ PLL slow 1 _+| Delay 0.000 Clear |
[~ NonStop [~ Summary 1T _+| Time of life 0.5
[~ use RRC filter [ Life o m o
Contrast 40
iy i 2los | LoadFile |
_,I oadFile
FI = 139.65 Fu-157.23 [dF-17.58 |

When the Phase Viewer (also called the High Resolution module) is called this frame appears.

In general the upper window is used for measuring FSK signals, and the lower for producing
phase constellations.

19.1.6.12 Ending analysis task.

The analysis task is complete the user is likely to have a number of windows open on screen.
Rather than close down each individual window it is better to close everything together by

clicking the Windows|CloseAll facility in the Menu Bar
File | Windows Help

|7® Closeall

©Copyright Monteria, LLC 21 -
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19.1.7 Miscellaneous Functions

Not part of the Tool Bar but accessed by right clicking the window in focus to produce a small
dialogue box:

3 e waveFile,..
DataFile...

B WaveFarm
BaudRateCorrection

Cancel

19.1.7.1 FileSaveAs.

Clicking WaveFile will provide the Save As dialogue in order to save the current signal (having
been modified by filtering/copying/etc) into a discrete user .wav file for later use.

19.1.7.2 Waveform.

Clicking this option calls a new window.

F3E:\COA\Files\ 7719(0).wav N [=19

|LPF | o D Hz |

P

l@lﬁl ‘ I H

| dT = 00-00.000.000 | Speed =0 [ =3713324 [12-3713324

Refer Section 19.1.6.7 (Viewing Waveform) for basic manipulation.

19.1.7.3 Baudrate Correction.

Clicking this option places a small entry option in the top left of the current window.

FFTSize[1024 <] || shift [Sice =] | IType [-50db |

Curmrent baud rate

Max delta baud rate:
2378 +4- 30%

Needs baud rate
2400 Cancel |

Refer Section 19.11.6 (Baudrate Correction Considerations) for it's use.
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19.2 Basic route map

19.2.1 Foreword.

This is a route map or overview to assist assessing various parameters rather than a detailed
description as discussed in the following sub-sections.. It is intended as an aide-memoire, or as
a quick guide for beginners.

H and/orV  indicate the minimum setting (which needs be applied) to the Horiz/Vert cursors
before clicking the following button.

(...) indicate the resultant waveform.

19.2.2 Preparation.

Original WAV |-(Q)

il
==l
=‘
=
=

<+«

I(E) ()

1 WaveFarm
BaudRateCorrection

Cancel

A
Working Source .wav

©Copyright Monteria, LLC 23 5 : _
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19.2.3 FSK

Working Source .wav (0)

Baud

ate (1)

Baud

Shift b

ate (2)

B2 FileSavess

[ BaudRateCorrection

—.m_(m_,

Cancel

etween tones

VH ﬂl (aof) v E_

©Copyright Monteria, LLC 24

I :fSk} I aCf BR FileSavehs 7 | .

—P
l BaudRatECorrection
LM

A W g

Cancel




Working Source .wav (0)

Determiping Symbol Rate.

\V/
—>

Determinhing n-ary, and subcarrier frequency.

- H 5 (@

A

Displaying phase constellation.

VH

v
]
=
v

IS

©Copyright Monteria, LLC
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19.3 Analyzing FSK

Load and prepare the signal for analysis.

From this procedure initial data revealed is an FSK signal with tones of 1403/2088Hz and a
signal shift of 685Hz. Centre frequency is 1746Hz. Spectrum bandwidth for analysis is opened

to 1066Hz.
19.3.1 Baud rate.

=10 x|
‘FFTSizelH]Z! = | sitt [size | MasF [4000 | AutoL ™ |

1|

@I@IE O = =S = i = e
[FI-1874 [Fu-1874 dF =0 [ dT - 00:004000.000 [Speed-0 [t -00:00.128 [©2-00:00128
|MaxF|4l]l]l] |AuloL|_ ‘

]

\ H - 00:00.128 [2=0000128

[F1=1874 [Fu=1874 dF =0 [ aT = o0: uu uuu 000 speed 0

=l0f x|

| MaxF [4000 | Autol - ‘

i ISize d

Il
QIQJE A mE HE e _I_IﬁJ_I W ®) rdM000 B
[FI=1874 [Fu=1874 [dF =0 [dT = 00:00.000.000_| Speed = 0 [v=o0:00128 [e2-00:00128 0
B 3E:\COA\7719(0)(F1)(c1)(f2)(c1)(um5). wav - ol x|
|FFTSize| <] [ shife [Size =] inf [0 | MaxF [4000 | AutoL ™ ‘

]

| W = 00:00.128 [2=0000128 4

[F1=1874 [Fu=1874 dF =0 [ dT = 00: uu uuu 000 Speed 0

Prepare signal.

Clicking this button
produces a new
window with u ID
and calculating the
baud rate by classic
methods.

The weak screen
shows some signal
noise in it's result.

Alternatively and by
returning to the
same c¢1 parent we
can carry out a
baudrate calculation
using the modify
AM method.

In this window ID'd
um there is much
less noise if any.

As above the u/um Results Windows show a nil/very weak display. Although

this does not inhibit the procedures following, one should refer to Section
19.3.1.1.
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[ 3E:\COA\Files 7719(0)(f1)(c1)(umil).wav
| MaxF [4000 | AutoL [~ ‘

|FFTSize| - Shift [Size/2 || | IType |- 50 db |

Filter |Kaiser. b=8 -| | MinF |0

i@ edBoo0

[v1 =00:00.384  [e2-00:17.728

R — = I DR IRT

[FI=1874 [ Fu=1874 dF =0 [ dT = 00:17_344.000

Continuing with this window the time cursors gre enabled to encompass the majority of the
window. This causes the High Definition module button to become active. When clicked that
module appears and presents the baudrate data/calculated and retained in the um window.

E:"'-.‘,COA"'-.,‘??19(0)(f1)(cl)(f2)((:1)(un15).wau : _ o] x|
MinF [0 | MaxF [B92 | Scale [11 =] |

1}

|1874 CarrierTone

100 BaudRate ™ wiiteln

|2 vl n-Psk ol

[~ SyncSensitivity [~ PLL slow | [ | | Delay 0.000 Clear |

[~ MonStop [~ Summary u_l J Time of life 0.5

[~ use RAC filter [ Life B W +] Contrast 40

K| i >los -
L —— [ LoadFile |
FI - 129.88 Fu-260.74 [dF-130.86 |

In the upper window a number of spikes will be seen. Align the vertical Fl cursor with the
LONGEST of these, and read the actual baudrate from the status line box. Use the Fu cursor to
measure the smaller spikes. These will be found to be harmonics of the baudrate.

From this the unit bit period is 1000/129.88 = 7.7 mS.
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Datum window may
have nil or very
weak traces.

19.3.1.1 Improving u/um Results Window display
| 1E: 4 COA \Files',7719(0)(f1)(c1)(umb).wav =]
.|FFTSize|v Shift [Size/2 || | IType |- 50 db =] | Filter [Kaiser. b=8 | | MinF [0 |MaxF|4[ll]l] |AuloL|_ |
o

@@E 24 D) LI e ol | 1 @ RdJe00D

[F1=1874 [Fu=1874 dF =0 [ dT = 00:00.000.000 |Speed=0 [v1 -00:00.064 |[t2-o00:000648
E:"-.COA"'-.Fi 54 7719(0)(F1)(cl)(umS).wav N =]
FFTSize[1024 || | Shift [Sizes2 || -| ) Filter [Kaiser, b=8 -] | MinF [0 | MaxF [4000 | Autol [ |

L 24 DI LI e %ol | i @ pdfeooo—

[FI=1874 [Fu=1874 dF =0 [ dT = 00:00.000.000 | Speed =0 [t1 =o0-00.064 [t2 -o00:000648
E:"‘-..,COA"'-..,FiIes"'-..‘??19(0)(f1)(cl)(umS).wau - O] x|
‘ FFTSize[1024 -] | Shift [size/2 =] | IType [MEERTRL] | Filter [Kaiser. b=8 <] | MinF [0 | MaxF | AutoL ™ |

I ETT

3 . % _’I
5 o = = = 3 g S |
[Fu=879 dF = 871 [ dT = 00:00.000.000 | Speed =0 [t1 =00:00.064 |[t2-00:00.064

E NCOANFiles'  7719(0)(f1)(c1)(umS).wav

- ol x|
| MaxF | Autol [~ |

‘ FFTSize 1024 ||

1Type [AEHTE ]

Shift |Size/2 |-|

Filter |Kaiser. b=8 |

MinF [0

ol LR _I
2Jalx o = = = 3 g < = |
[F1=8 [Fu=414 dF = 406 | dT = 00:00.000.000 |Speed=0 [t1 = 00:00.064 |[t2=00:00.064
©Copyright Monteria, LLC 29

Intensity may be
increased by
adjusting IType.
This should reveal
faint horizontal lines
representing baud
rate and harmonics.

If still poor set the
horizontal markers
as shown. (note FI
at minimum value.)
This enables the
vertical Zoom+.
Click once.

This results in
baudrate line and
its harmonics being
clearer. If not, click
Zoom+ once more.
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19.3.2 Measure shift between tones.

If child windows are still open from the previous stages close these, returning to the prepared

signal in the parent window.

o o [=l 5

|FFTSize|1l]24 | | shitt [size -] | 1Type [- 50 db =] | Fiter [Kaiser. b-8 -] | MinF [0 | MaxF [4000 | Autol - |

c _ _ Bl
el ETs 2 BFE EHE S #H i < S| T
[F1=1036 [ Fu = 2332 dF =1296 [ dT = 00:11.519. Speed = 0.09 [t1=00:11.775 [w2=-00:23295

B 3E:\COA 77 19(0)(F1)(c1)(F2)(c1)_aof(0):wa

=101 x]
| Sum |_| |

| MayF 2332 | X_pix [0

Samples [€] < [£ >3] 5| step <[ < [T 3| > || MinF [1036

[F=2114 [Fu=2114 dF =0\ [dT - 00:00.007.874 |Speed - 126.98 [0 - 00:04.423  [2 - 00:04.431 4

Select an area of

signal, and then
click the AOF
button.

A blank window ID'd
_aof appears.

Click the Make
Image button and
allow processing to
complete.

Using the horizontal
slider find a section
with alternating unit
elements. Set the
vertical time cursors
to the leading and
trailing edges of
one such element.
Note the X pix
value.

Divide the X_pix value by 3 (63/3=21) and set the Samples parameter in this

window to the result. Click the Make Image button to update the trace.

E N COANWFiles  7719(0)(f1)(c2)_aof(0).wav

dF = 704

[F1=1382

[ Fu = 2086 [ dT - 00:00.007.875 | Speed - 126.98 [t1-=00:11985 [e2-00:11993

An alternative display can be produced by checking the Sum box.
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On completion align
the horizontal
cursors with the
tops/bottoms of the
signal and obtain
the accurate tone
values together with
the signal shift from
the status line.



: 2l
e

[FI=1382 | Fu = 2086 dF = 704 [ dT = 00:00.007.875 | Speed - 126.98 [0 =o0011.985 [e2-00:11993

A spike is built for each tone in the signal (in this case 2) which can be measured by the
horizontal cursors.

Returning to the Make Image function in the -aof window on the previous page note that
a. increasing the Step value results in more data elements on the screen, and
b. increasing the the Samples results in less ripple on the data.
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19.3.3 Determine Autocorrelation Function.
Prepare the signal. This example based on a resample to 20000.

FAE\COAN7719(0)(r_2(
‘FFTSizelll]Z*l =l | shift [Size =]

- o] x|
| MaxF | AutoL [~ ‘

IType |- 50 db -]

Filter |Kaiser, b=8 x|

MinF [0

. 2]
SISt 2 DlE EHE e # o & rdfooon
[F1=1048 [ Fu=2343 dF =1295 | dT - 00:07.168.00 peed = 0.14 [t1 =00:13567 [©2-00:20736

\COA\7719(0)(r_20000)(F1)(c1)_fsk.wav

- ol x|
| MaxF | Autol [~ ‘

‘ FFTSize | .[

Shift [Size =]

IType |- 50 db |~| | Filter [Kaiser, b=8 ~|

MinF [0

U — = I DR IRT O

i
jiz | & rd[20000
Speéd = 0.06 [t1 =00:17.305 |2 = 00:33.331 v

[ F1=1886 [ Fu=1886 dF =0 [ dT = D0:16.025 600

Select an area of
signal, and then
click the FSK Dem
button.

The window
appears ID'd as
_fsk.

Set time markers and click the Auto Correlation Function button. Depending

on the processing required the following warning may/may not appear.

Expected running time of the process about
10.04 seconds. and 10.28 mb free memory space

please think it over carefully and press Yes to continue. or Cancel :-]

OANZ719(0)(r_20000)(f1){(c1)_fsk_acf(0).wav

: =10l x|
| FFTSize | | =] | 1Type |- 50 db ||

| MaxF [10000 |AuloL|_ |

Shift | Size Filter |Kaiser, b=8 -] | MinF [0

FileSaveas *

g Cancel 2l
Sl 0 2 T =T g s {20000
[ 'FI = 4686 [ Fu = 4686 dF =0 [ dT = 00:00.000.000 |Speed=0 ['t1 = 00:00.051

['t2 = 00:00.051 4
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With the ACF data
calculated in order
to display this right-

click the window
area then click
Waveform in the
submenu.



| 3E:,COA\7719(0)(r_20000)(F1)(c1)_fsk_acf(0).w
;‘ LPE [ ]| 0Hz ‘

I

[N

. PP S Y. UNSR S .
o P L Ly . L NS W, P et

_lﬁlﬁl | | =
|

| dT = 00:00.000.000 |Speed=0 |11 = 00:00.051 | &2 = 00:00.051 w

: E S COANZ719(0)(r_20000)(f1)(c1)_fsk_acf(0).w.

ot A pot o P IFWV.VN ,Ln Al
A AR LA A L I ARt LS (A Ca e

nnn./\-\AJ'l PN /lllr\lﬂll\i\nlr\._hf\ AA/\.-.AIA Atrrfh e, AA MﬁLNA fl '||

L A

['dT = 00:01.381.117 | Speed = 0.72 [v1 = 0000139 |42 = 00001521 W

Small ACF spikes
may now be
observed in the
waveform viewer.

However if too
small they may be
made more
pronounced by
vertically zooming.

Set the time markers to obtain the ACF period between adjacent spikes from the dT value in the

status line.
this sample dT is 1.381 seconds over 11 spikes (11-1 periods).

The ACF period is therefore 1381/10 mS = 138.1 mS.
ACF bits = ACF period/unit bit period (rounded to nearest integer).

e.g.138.1mS/7.7mS =17.93 =18
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However, it is better to measure over a number of spikes and use the average. In
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19.3.4 FSK Example Results

¥ JE:\COA\7719(0)(r_20000){f1){c1).wav _|o| x|

‘ FFTSize 256 =]

Shift |Size/16 ||

IType |- 40 db ||

7107 Kaiser, b=¢ ]|

MinF [0 | W [T | AutoL [~ ‘

K| 2

2| 24 DAED LI e ol it il | i @0 e-|fo0000

| F1 = 2402 [Fu=2402 [dF-=0 [ dT = 00:00.000.000 |Speed=10 [t1 = 00:06.201 | t2 = 00:06.201 4
Summarizing:

A classic 2-level FSK signal.
Upper limit of spectrum:
Lower limit of spectrum:
Signal bandwidth of spectrum:
Upper tone:

Lower tone:

Center frequency:

Signal shift:

Baud rate:

Unit element period:

ACF period:

ACF bits:

©Copyright Monteria, LLC

~2332Hz
~1036Hz
~1296Hz
2086Hz
1382Hz
1734Hz
704Hz
129.88bd
7.7mS
138.1mS
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19.4 Analysing PSK (1)

The first example deals with a burst mode relatively low speed QPSK system.

E:"'-..,Anal\;sis"'-..,gw psk heb 9157(0).wav
‘FFTSizer Shit [Size || | IType |- 50 db -]

=0l x|

| Mo 8000 | Autol T |

Filter |Kaiser, b=8 [~ |

MinF [0

e Rt 2 [ = B #HxlEslpu@e] e s|
[Fr=1303 [Fu=1722  [dF-41% dT = 00:00.000.000 |Speed=0 |t =00:00.128 [t2=00:00.128

E:"'-..,AnaIysis"'-..,gw psk heb 9157(0)(f1).wav o =]
‘FFTSizerI Shift [Size || | IType |- 50 db =] | Filter |Kaiser, b=8 |~| | MinF [0 |Maxr|4uuu |AuloL|_ ‘

2

Qlﬁ 3 N 2 5 T2 T S - |

[F1=1303 [ Fu=1684 dF = 381 [ dT = 00:25.344.000 | Speed = 0.04 |1 -00:30.079 [©2< 0055423

FiE:\Analysis',gw psk heb 9157(0)(f1)(c1).wav
‘ Ler [E0 & 0Hz |

[ dT = 00:00.000.000 | Speed = 0 [0 =00:00127 [e2-=00:000127
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Load the signal and

prepare for
analysis. Examine
the total captured
.wav for a good
section. Use the
bandpass filter to

delete the adjacent
noise.

The signal has an
opening spectral
bandwidth (dF) of
approximately 380
Hz.  (limits 1303-
1684Hz) and a
center frequency of
2011 Hz. Create a
working source file.

At this stage it is
also worth noting
the signal for
general indications
of noise, and for the
relative SNR.



N7 MONTERIA

19.4.1 Symbol Rate

=1=lx|

£ File Windows Help = |

‘ FFTSize [T720 - ‘ shift [size 5] | 1Type [-50 db ] ‘ Filter [Kaiser. b=8 -] | MinF [0 ‘ MaxF [4000 ‘ Autol [~ |

[ iCenturion Offline Analyzer [16 October 2007] * - [E:\Analy:

@@E 2 BE agmggﬂm@mam edfBo0n " s| B
[FI=1332 [Fu-1677 [dF-345 | dT = 00:09.987.9 Speed = 0.1 |- 0017536 |2 - 00:27.519

| SamplingR ate = 8000 | BitPerSample = 16 |

d_'Startl | 2 Centurion | " Centurion Off... ¥ Irfant

« 743 Q) 1553

- =] x|
=l8x|

‘FFTSize = ‘Shill [size = ||Type|'5ﬂ db -] ‘FiltellKaisel, b=8 =] | MinF [0 ‘ MaxF [4000 ‘ Autol ™ |

EiCenturion Offline Analyzer [16 October 2007] * - [E:\Analy:
o File Windows Help

TR 2 HE HEe #Hx

)b | B wr]  pfB000 s| B
FI=173 Fu=235 doF = 62 dT = 00:08.576.000 \Speed = 0.12 = 00:18.303 |12 = 00:26.879
| SamplingR ate = 8000 | BitPerSample = 16 |

#/8tart| | 2 Centurion |[5E centurion off... ‘ .

Irfanyiew

« 5P By 15:54
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If required the Shift
may be adjusted to
expand the time
axis.

Delineate a short

section of good
data and click the
Quad Amplitude

Detector button.

Note the baud
rate/symbol rate
row which has been
produced in the u
window

Delineate a section
of some of these
particularly  where

clear. The
horizontal cursors
should be fairly

narrow as this helps
to reduce noise in
the next image.

Click to call the
High Resolution
module.



| MaxF [894

| Seale [11 [

o [ 3

CarrierTone

-
|— BaudRate

n-Psk
|' SyncSensitivity [ PLL slow
¥ MonStop [ Lines
[~ use RRCfilter [~ Life

. o5

»

™ wiitelg
Gol

I ] pelay 0.000 Clear

< +| Time of life 0.5
: 'I Contrast 15

[ LoadFile

Fl=139.65 Fu=159.18

[dF=1953 |

FE:\Analysis'\GW fltd PSK 9157(0)(ul).wav

MinF [0 | MaxF [334

|

| Scale [11

—lo|x|

=l

CarrierT one
100 BaudRate
-| n-Psk
[¥ SpncSensitivitg [~ PLL slow

0

I~ WritelQ
Gol

0 D Delay noo0 Clear

¥ NonStop ' Lines L _[5] Time of life 0.5
[~ use RRCfilter [ Life T e
= . | Sos - | LoadFile
FI-13965  Fu=-2002 |dF-6055 |
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A spike is
generated
indicating the

symbol rate.

Drag one of the
vertical (time)
cursors to align with
this spike and read
the rate.

In this case 200
symbols/sec.
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19.4.2 Determining n-ary (phases)

‘AnalysisiGW fitd PSK 9157(0).wav _|olx|| Select a few bursts
‘FFTSizer Shift [Size =] | 1Type |- 50 db =] | Filter [Kaiser. b=8 | | MinF [0 |MaxF|4nnn |AuloL|_ | in the source (0)
window.

Click the involutions

[TLTTTRTLNTTT CITETEUCEE LTI T module button (Xn).

3

SN 2 ME HEs #{ )b m@p] pdF000 s|
[F=1227 [Fu=1798 [dF =571 [dT = 00:11.135 [Speed =009  [t1 -00:14.336 [t2=-00:25.472

" _lolxl| A new window is
MinF [0 | MasF [4000 | Autol I ‘ created with a q ID.

FE: Analysis\GW fltd PSK 9157(0)(q).wav
| FFTSize (P20 - =] | 1mype |- 5006 -]

Shift [Size Filter [Kaiser, b=8 ||

_ Maximise this
L T ETERERLTITEET T T window for better
interpretation of the
c ol results.
QI <ledfisiz 5] i<l 3] Control S-Sl
[F1 =258 [ Fu=258 [aF =0 [ 'dT = 00:00.000.000 |Speed=0 [t -o000128  [©2-o00:000128

EiCenturion Offline Analyzer [16 Qctober 2007] * - [E:\Analysis', - =] x|
£ File Windows Help = |

‘ FFTSize [T720 - ‘ shift [size 5] | 1Type [-50 db ] ‘ Filter [Kaiser. b=8 -] | MinF [0 ‘ MaxF [4000 ‘ Autol [~ |

. o
R zlxdlisiz ]3| xix|lz 3| Conwall” SRS

FI =130 [Fu=130 [daF =0 | dT = 00:00.000.000 | Speed -0 [t -o0:00.128 |2 - o0:00.128
| SamplingR ate = 8000 | BitPerSample = 16 |

#5tart]| | #]Centurion_Offi... | ™ Centurion [ et O W Irferiview « 2o 8 Gy 12:07
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Ficenturion Offline Analyzer [16 October 2007] * - [E:\Analysis'\GW =] |
o File Windows Help I =1 S
|FFTSize|1I]24 L] | sitt [size =] | 1Type |- 50 db -] | Fiter [Kaiser. b=6 =] | MinF [0 | Wawr [10007 | Autol |

. |
ST <lsdhisiz [22l>] mi<ll+ 2] (Contiofe  SU=SWT

[Fr=130 [Fu=130 [dF =0 | dT = 00:00.000.000 | Speed =0 |1 =00:00.128 |12 = 00:00.128

| samplingR ate = 8000 | BitPerSample =16 |

#/start| | #]Centurion_Offli... | 7 Centurion |EJ Centurion Off... ¥ Irfaniview « W@ Qy 12:07

On the previous image of the g window it will be noted that the phase count is at a default of 2 ie
[ S(t)*2]. Observing the results the analyst is looking for small bars as shown above in the
primary (yellow) and secondary (light green) locations. These will only appear when the phase
count equals the number of phases in the signal modulation.

Determining is one of trial and error. Set the phase count in turn to the standard values of 2, 4,
8, and 16. After setting each value click the X" button to refresh the window with an updated
result.

This example is a 4-ary PSK.

Do not cancel this window at this time but continue to the next subsection.
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19.4.3 Determining sub-carrier (modulated tone) frequency.

Check the Control box to enable the horizontal red line

[ 1Centurion Offline Analyzer [16 October 2007] * - [E:\Analysis'\GW - = x|
£ Flle Windows Help =l
|FFTSiza|1l]24 LI | smife [size =] [1Type [- 50 db =] | Fitter [Kaiser, b-8 [-] | MinF [0 | Maxr[4000 " | AutoL |

‘ o
ENET Eid[ia9s D> <[+ >] (Conolr) SI=SEH T

[Fr=130 [Fu=130 dF =0 [ dl = 00:00.000.000 |Speed =0 [t1 =oo-00128 |2 - 00:00.128

| samplingRate = 8000 | BitPerSample = 16 |

4 Start| | 2] Centurion_Offll.. | DY Centurion |I5E centdirion Off... | Irfanview « @ Q) 12:08

The frequency value of the red line is shown in the encircled box. If the signal bars and the line
are not aligned as shown on the image on the previous page again it is a matter of trial and
error to adjust the value and therefore the line position until they are. As before, after each

adjustment the X" button needs to be clicked to update the results.
When alignment is achieved the displayed value is that of the sub-carrier tone.

In this case it was found to be 1499 Hz.
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19.4.4

Displaying phase constellation

E:"'«,,Analysis"'-.,,GW flitd PSK 9157(0).wav

=0l x|

| FFTSize -]

Shift [Size ||

IType |- 50 db ||

Filter |Kaiser. b=8 |-| | MinF [D

| MaxF [4000 | AutoL [~ |

LR (LI LT EL L L LTI T]

s

[Fr=1227 [Fu=1798

[aF =571

oTJE | m— W0 [0 = 1] ﬂxn(:u)ﬂmmmgm B0 s

[dT = 00:12.416.000

Speed = 0.08

[ 11 =00:12.288

12 = 00:24.704 v

FiE:\ Analysis\GW fltd PSK 9157 (0).wav

MinF [0 | Mayr [834

| scate [11

=

4

—lo|x|

i
1512.5 CarriesTone
100 BaudRate I writeln
2 -| n-Psk Lo
v SyncSensitivity [~ PLLslow ([« [ ] Delay 0.000 Clear
¥ NonStop ' Lines L _I}] Time of life 0.5
i Lif
I™ use RRC fiter I Life mE = s
- . dos | ————— ( _LoadFite |)
Fl = 139.65 Fu=157.23 |dF=1758 |
o o [l
MinF [0 | MaxF [854 | scate [1n ||

100

Fl = 139.65 Fu=157.23 ‘ dF = 17.58

15125 Can

Bau

[¥ SyncSensitivi
[¥ NonStop
[~ use RRC filte

[

glay 0.000
me of life 0.5
ntrast 15

Cancel I

LoadFile

—
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Prepare the signal.
Select and area of
signal.

Call the High
Resolution module.

To activate the
Phase Viewer click
the LoadFile button.

A Select File Panel
appears. Select the
required file then
click OK.
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An amended viewer appears. Salient parts are described.

ISD corrector WindoW.........ccoveeveeiviiiiiiennn. ISD controls.

¥ E:  Analysis\GW fitd PSK 9157(0).wav

4]

1+ 98.1942
W CarrierTone
100 BaudRate ™ WiitelQ
m n-Psk Gol
[# SyncSensitivity [ PLL slow [ | Delay 0.000 Clear |
¥ HonStop I¥| Lines [«] _[+] Time of life 1
[~ use BRC filter [V Life 1| | Contrast 15
I i los -
;I I LoadFile |
F = 529375 - | dF = 17.58 |E:\Anal_vsis\l3w fitd P5K 9157(0). wav
Loaded file

Phase viewer controls

Constellation'window

Horizontal slider to position viewer relative to ends of loaded file.

To run and create a constellation:
1. Enter the already determined parameters (as integers)

Carrier Tone (4 digits),

Baud (Symbol) Rate (5 digits),

n-Psk (few selected values by dropmenu, or manually in the range 1-99).
2. Check boxes (Sync Sensitivity, NonStop, Life), and
3. Click the Go! Button.

19.3097
1499.23 CanierTone

199.98 BaudRate -

I~ writel
[ &l e
[+ SyncSensitivity [~ PLL slow +| Delay 0.000 Clear

¥ MonStop [¥ Lines i +| Time of life 1
i Lif
I” use RRC filter 7 Life I = L Contrast15
= . | los — LoadFile

The application runs continuously displaying progress and displaying the constellation in real-
time (i.e. pulsing through the five bursts in this example), and the carrier tone and symbol rate
values (entered as integers) will track to a finer value.

The constellation shows the modulation to be QPSK.
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B 19,3097
|1 499.23 CarrierT one
|199,93 B audR ate [~ wiiteld
|4 vl n-Psk
¥ SyncSensitivity [ P_LL slow | [ | | Delay 0.000 Clear |
¥ MonStop [V Lines =] [+] Time of life 1

D I” use RAC filter @ [« 1 | contiast 15

= [ | los | LoadFile |

If the Life box is unchecked the data persists and builds in the phase plane window. At a
suitable time (if allowed to continue too long saturation occurs) click the Break button and
processing will stop. The constellation display will be retained.

The use of the SyncSensitivity/Lines checkboxes are discussed later in Section 19.11.4

If the amplitude (diameter) of the constellation is too small this can be increased by use of the
vertical phase plane slider. The application must be running for this to take effect.

When in real-time display (Life checked) the persistence of the trace may be improved by use of
the Delay and Time of Life controls.

The RRC Filter (Checkbox and slider) is discussed later in Section 19.9.5.6

ISD Correction is discussed later in Section 19.5.5
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19.4.5 PSK (1) Example Results

Summarizing:
Modulation:

Mode:

Upper limit of spectrum:

Lower limit of spectrum:

Signal bandwidth of spectrum:

Sub-carrier tone:
Symbol rate:

Maximum bit rate:

©Copyright Monteria, LLC

QPSK (4-ary)
Burst

~ 1685Hz

~ 1300Hz

~ 385 Hz
1500Hz

200 symb/sec

400 bps
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‘ FFTS5ize ll]24 vl

shift [Size =] | IType [- 50 db ]

Filter |Kaiser. b=8 x|

MinF [0 | Maxr [T | Autol ™ |

I.i ;
ST 2 DE Hel & aw @ pdPoooo

[Fr=134 | Fu=3677 dF =3543 [ dT = 00:13.158.400 | Speed = 0.08 [ 11 = D0:00.204

Load the signal and
prepare for
analysis.

Examine the total
for a good section
and create a
working version.

From this initial data it can be seen that the signal is one of PSK bursts, has opening
approximation of 2896Hz spectrum bandwidth (limits 362-3258Hz) and a center frequency

1810Hz.

| E]E SCOAVFiles', 14924 _ush_R&S_GM2100_8PSK_modem_1920z_1

4

l@lﬁl | | =

[ dT = 00:00.000.000 |Speed =0 [v1 =14:30.270

©Copyright Monteria, LLC 45

At this stage it is
also worth noting
the signal for
general indications
of noise and for the
relative SNR.
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Symbol rate.

_||:|-1|
| MaxF | AutoL [~ ‘

Shift [STE2YZE | | 1Tvpe |- 50 db =] | Filter [Kaiser. b=8 || | MinF [0

|‘ FFTSize [1024 o]

5QJE M@ﬂﬁﬁ@@ﬂﬂﬂ@ R-|[20000
[Fr=362 [Fu=3258 [dF-2896 |[dT - 00:00.000600 [Speed=0  [H = 00:00.025

[ =0000028

_[ol x]
| MaxF | Autol [~ |

‘FFTSize -] Filter |Kaiser, b=8 || | MinF [0

Shift |Size/2 |=|

IType |- 50 db ||

x| b= LI

o sl () im i@ T
[ Fu=1886 dF -0 | dT = 00:00.384.000 [ Speed = 2.6 [t = 00:05.811

R

[F1=1886

[e2-00:06195

The Shift is
adjusted to expand
the time axis.

Click the Quad
Amplitude Detector
button.

Note the Symbol
Rate line at the top
of each burst, and
the inter burst
noise.

Set the vertical time markers at the extremities of one of these rate lines. Click to

call the High Resolution module.

E:"'-‘,‘COA"'-‘,‘FiIes"‘-‘.‘14924_usb_R&S_GF\-12100_8PSK_modem_19202_1I\-1av0 =] |

MinF [0 | Mar [558 | seate 1A 5] |

L]

1886 CariesTone
100 BaudRate I Writeld
2 o npsk E
I” SyncSensitivity [~ PLL slow | [{] | +| Delay 0.000 Clear
[~ HonStop W S ||| +| Time of life 0.5
[~ use RRC filter [~ Life m B O
= ] ] Zlos — LoadFile
Fl-87.28 Fu-9827 [dF-1099 |
©Copyright Monteria, LLC 46

This image appears
to lack any relevant
data.



i
1886 CariesTone
[t1oo | BaudRate .
™ writelQ
[~ & npsk EE
[~ SyncSensitivity [ PLL slow am| +| Delay 0.000 Clear
I " Summary | 777 ] Time of life 0.5
[~ use RRC filter [ Life W = =
= |} = o5 LoadFile
Fl = 638.24 Fu-78613 [dF-8789 |
E:\COAFiles'\ 14924 _usb_R&S_GM2100_8PSK_mc HEE

MinF [2153 | MaxF [2712

| Seale [11 ]|

1886 CaniierTone
lr BaudRate
2 -

n-Psk
[~ SpncSensitivity [ PLL slow
[~ MonStop [T Summary
[~ use RRCfilter [ Life

: H o5

(1]

[~ whritelQ

. +| Delay 0.000
| +| Time of life 0.5
. *| Contrast 40

————

Gol

Clear
LoadFile

[F1-2370.61 |Fu-2699.58 |dF-328.98 |

Whichever method (or both) is used align one (e.g. Fl) of the vertical time
markers with this spike and read the Symbol rate from the associated box

in the status line.

In this example the Symbol Rate = 2371 sym/sec.

©Copyright Monteria, LLC
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Adjust the Scale
value until a spike
appears, or

Alternatively, adjust
the horizontal slider
until the spike
becomes visible.
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19.5.2 Determining n-ary (phases)

| JE:\COA \Files 4_usb_R&S_GM2100_8PSK_mode _lolx|| Select a few bursts
|| FFTSize [1024 -] | Shif =| | 1Type |- 50 db | MinF [0 | MaxF [4000 | Autol [~ | ina copy window.

Filter | Kaiser. b=8 ||

Click the
Involutions module
button (X").

= |
| M ME HEa ﬂgﬁﬂlﬂm@ R [B000
[F1=122 | Fu = 3474 dF =3352 | dT - 00:05.599.999 ed = 0.18 [0 -00:00.928 [e2-00:06527

| 1E:\COA\Files\ 14924 _usb_R&S_GM2100_8PSK_mode _[@x| A new window is
i‘FFTSizelv Shift |Size/4 || | IType |- 50 db =]/ | Filter [Kaiser. b=8 |~| | MinF [0 |MaxF|4l]l]l] |A ol ™ created with a q ID.

Maximize this
window for Dbetter
interpretation of the

|- % results.
HETE | <l<di7ee 53] 5] si<ll> 3]  Contol[|  SE-SH [T
['F1=258 | Fu=258 [dF =0 |'dT = 00:00.000.000 |Speed=0 [e1=00:00.032 /2-00:00032
Centurion Offline Analyzer [22 april 2007] - [E:\COA\Files' 14924 usb =
 File Windows Help =lElx]
‘FFTSizeIH]Z-Q = ‘ Shift B | 1Type [- 50 db =] ‘ Filter [Kaiser, b8 -] | MinF [0 ‘ MaxF [4000 ‘ Autol ™ —|

: o
olalsT e o] sk 5| comelr  swesw
Fl =130 [Fu=130 [dF =0 | dT = 00:00.000.000 | Speed =0 [t1 - 00:00.016 |2 - o0-00.016
| SamplingRate = 8000 | BitPerSample = 16 |
4 start| | B2 Paint Shop Pro ... |[%F Centurion OFf... N « 2 [ JBQy 1524

©Copyright Monteria, LLC 48 n*
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Ficenturion Offline Analyzer [22 april 2007] - [E:\COA‘Files' 14924 usb_R&S_G _ =] x|
ok File ‘Windows Help =] x|

|FFTSize|1[I24 L] | sitt [size/s 5] | 1Type - 50 db 5] | Fiter [Kaiser. b-0 =] | MinF [0 | mawr [4000 | Autol - |

R

.,,.,
SR

A

£y
&

L

&
[

] > Conbrol [~ S[=50 "

h

4

SlelEls T s

[Fi=130 [Fu=130 [dF =0 | dT = 00:00.000.000 | Speed = 0 |01 = o0:00016 |2 = 00:00.016
| samplingR ate = 8000 | BitPerSample = 16 |
4 start| | B2 paint Shop Pro ... |[%f Centurion Off... I « D IJT Fy 1525

On the previous image of the q window it will be noted that the phase count is at a default of 2 ie
[ S(t)*2]. Observing the results the analyst is looking for small bars as shown above in the
primary (yellow) and secondary (light green) locations. These will only appear when the phase
count equals the number of phases in the signal modulation.

Determining is one of trial and error. Set the phase count in turn to the standard values of 2, 4,
8, and 16. After setting each value click the X" button to refresh the window with an updated
result.

This example is an 8-ary PSK.

Do not cancel this window at this time but continue to the next subsection.
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19.5.3 Determining sub-carrier (modulated tone) frequency.

Check the Control box to enable the horizontal red line.

FiCenturion Offline Analyzer [22 april 2007] - [E:\COA\Files' 14924 usb _R&S_G _ = x|
ok File windows  Help =1 |

|FFISize|1uz4 L | shitt [si | Manr [4000 | Autol - |

:.e“
i
o
'@}
ﬂ‘& <3
i
Ry
ol
¢ &
- -';4_%
3 ik
iﬁ-? b
= e
g2 o
> o
;‘;s'. 3“%’
: B
:
P B
- e
st =55
I
o I 0 IO 3 ) swm-sur
[Fr=130 [Fu=130 [dF =0 [dT ~00:00.000.000 |Speed = b\/ vt = 00:00.016 |2 = 00:00.016
| SamplingR ate = 8000 | BitPerSample = 16 |

2/Start| | B paint Shop Pro . ||f_& Centurion Off... . « @R IJT @y 1526

The frequency value of the red line is shown in the encircled box. If the signal bars and the line
are not aligned again it is a matter of trial and error to adjust the value and therefore the line
position until they are. As before, after each adjustment the X" button needs to be clicked to
update the results.

When alignment is achieved the displayed value is that of the sub-carrier tone.

In this case it was found to be 1794 Hz (not illustrated).

©Copyright Monteria, LLC 50 ; : )



=10 ]

| MaxF [4000 | AutoL [~ ‘

i ISize d

IType |- 50 db -]

3

] 0 3 ) = 3 = = e % (2 g e N I e

[A=313 [Fu=3208 [dF=2895 |[dT = 00:12.544. uuu/[ Speed = 0.08 [l =00:01.024 [r2-=

00:13.567 b

=10l %]

.E \COA), Flles ,14924 usb_R&S GI\|2100 _8PSK mod
MinF [0 | Mayr [834 |seate 1A 5]

!lmMM

0
1760.5 | CanierTone
BaudRate _
™ wiitelg
|__[ n-Psk [ea
[ SyncSensitivity [ PLL slow »I Delay 0.000 Clear
[¥ HonStop [ Lines x +| Time of lite 0.5
i Lif
I useRRCfilter ¥ Lite T Dlconwastis
\ -
= i Zlos — LoadFile
—
FI = 139.65 Fu=157.23 [dF=1758 |
I =15

MinF [0 | MaxF [834

| Seale [171 ] |

[ iselect file for PhasePlane

E:\COA\Files\14924 usb RLS GM2100 8PSK_modem 1920z 1Map05(0).
\E-\COA\Files\14974 ush RES GMZ100 BPSK modem 1920z 1Map05(0)(c1).wav

!
4 |

1760.5 Carrie
100 Baud|

2 | nPsk
¥ SpncSensitivity
[¥ MonStop

Cancel

[ use RRC filter v Life Es = O
e —
Fl - 139.65 Fu-157.23 |dF-17.58 |
©Copyright Monteria, LLC 51

Prepare the signal.
Select an area of
signal.

Call the High
Resolution module.

To activate the
phase viewer click
the LoadFile button.

A Select File panel
appears. Select the
required file then
click OK.
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Alternatively, if the Life box is unchecked the data persists and builds in the phase plane
window. At a suitable time (if allowed to continue too long saturation occurs) click the Break

button and processing will stop. The constellation display will be retained.

5.7774

[1800.39 | CamierTone
IW BaudRate I~ wiitel@
i = R
¥ SyncSensitivity | PF.L sw (] [ ] Delay 0.059 Clear
¥ NonStop I" Lines LI Time of life 1

[ use RAC filter [ Life B B O

= |CHEEE ) & LoadFile

]

|2I]I]3_4 CarrierTone
|44.BB BaudH ate [ writelg

IB 'l n-Psk
[~ SyncSensitivity [ PLL slo[’u_l _+| Delay 0.000
¥ HonStop [ Summar “\ | >| Time of life

[~ use BRC filter [ Life [T | Contrast 8
[« o os |

If the amplitude (diameter) of the constellation is too small this can be increased by use of the
vertical phase plane slider. The application must be running for this to take effect.

When in real-time display (Life checked) the persistence of the trace may be improved by use of
the Delay and Time of Life controls.
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19.5.5 Use of ISD (Inter-Symbol Distortion) correction

In respect of the first of the previous two images with a signal using very short bursts, and/or
having a poor SNR ratio it is possible to use ISD correction to effect some improvement.

=10l %]

|FFT5.ze|1024 Kl | shitt [sizes4 =] [1Tyne [- 50 db =1/ Fiter [Kaiser, b-8 [=] | MinF [0 | Mawr [4000 | AutoL |

il |
FHE:\COA\Files\ 18924 usb R&S GM2100_8PSK_modem 192 _ o] x|

r's

\ A
V"’I\' 'imll'”LI"u;I ""‘ '\ﬂ- W \Jl\ ”"llu |n,‘|)| ﬁlrii”’lr‘ll'””m'|||||| ‘1| \ﬂ |‘4l|'“|,l|'1'”""‘|"‘H||Lf|| il llllllﬂllel‘llll!‘.

—— ™
[+ IR} Break \\

SaveA: Reset ™
[o| Savee] eset | dddddddddddd?
)

=] 48377

|1?ﬂ4 44 CarmiierT one

|237l] 55 BaudRate ™ wWiiteld [%

I n-Psk Gol

¥ SyncSensitivity | PLL slow A1 _+| Delay 0,000 Clear

¥ NonStap I™ Summary | ] | | Time of life 0.5

il Lif

= I~ use RRC filter v Life L | Contrast 30

O 1 e i
=l 05 I LoadFile

[F-193897 [Fu-15723 [dF-1758 [E-\CDANFiles\14924_usb_R&S_GM2100_8PSK_modem_1920z_1May05[D)[c1] wav

The horizontal slider represents the pointer to the data in the current parent file and which will
appear in the ISD window. As the slider passes into the data area three spikes rise in the
window at the red and green lines. The slider should be positioned to achieve maximum spike
amplitude. The vertical slider should be adjusted to achieve a suitable working height.

The N control is set to the previously measured n-ary value.

Previously 0, the SNR value now appears in the yellow ellipse.

Clicking the Auto button initiates the process which should be allowed to complete. Test the
new value by clicking the Go! button after each update. Note that Auto may also be checled
even although Go! is active in the lower section.

The target for SNR is >=9-10 but with deficiencies in the recorded signal may not be achieved.

SaveAs creates a new file from the new calculations but it is essential not to do this until
necessary since the signal will disappear from the module.

Note that ISD is correction is for high speed PSK signals (>= ~150-200 symb/sec).
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[FIE:\COAFiles}, 14924_usb_R&S_GMZ2100_8PSK

|

I
r\rm .f,‘lln,thJ d“ ) JI\. \ ‘|L r.“uw.

17943 CarrierTone
2370.56 | BaudRate
n-Psk

|7 SyncSensitiviy [ PLL slow

[¥ NonStop ™ Summary
[~ use ARC filter [ Life
i @ N EiE

E:\COA\Files', 14924 _usb_R&S_GM2100_8PSK.

|

ey

Aot

1794.35 CarrierTone
2370.56 BaudRate
n-Psk

l_ SyncSensitivity [ PLL slow
¥ MonStop [~ Summary
[~ use RRCfilter v Life

koA ’I‘ul ki I
‘"ﬁ"""r‘“‘a'all,l" ) M”“u"*w .\,f\ | ‘i’“ﬁ‘ ) "'| ' 'N "‘""\J ‘i hy

Ill‘ﬂl“l'\ 'Ilhwlli |J'|\'|| i]' I '|“I\IM {). | Jl H ‘ll"\l N g I'I\ |?| \
b l|p [ LI ||"I I ~|I|,1‘hp“\||'| i‘fpl Al \ IU W,

| 05

I'HI""“'MVI‘ .‘M\ A Auto_ |
[ [B] Break I

After Pass 1
SNR=5.1031

- Savehs Re:elldj

51031

™ wiitelQ

‘ +| Delay 0.000

‘ | +| Time of life 0.5

: '| Contrast 40
—

\'I\ I "'IU ||'|r‘\'|’|\||‘ 1

the

M= After Pass 2 the

SNR=5.2785

5.2785

[~ WhitelQ

: +| Delay 0.000
: +| Time of life 0.5
: I *| Contrast 40
-

FIE:\COA'\Files},14924_usb_R&S_GMZ2100_8PSK

|

-M

1794 37 CanierTone
2370.6 BaudRate
n-Psk

I_ SyncSensitivity [ PLL slow

[ HNonStop [T Summary
[" use RRC filter [~ Life
CE e -

e L oy s [ Y
“\'I,h' ll"‘ I .-f b iy TH r"',,l’"'w 'i”,.\‘ N' Wi Y '\'lIU*'V"U”ll"n l\'ﬂh'.mJ‘.‘dlﬁ'\\'

Bl

l\ »F’“l . ] Auto
i Il"l,Jr““J""‘lll! ¥ (B) Break
j SaveAs Reset j j

Go!

Clear I

LoadFile I

=5ixl| After Pass 3 the

SNR=5.9194

| 59134

I~ wiitel@

: +| Delay 0.000

: +| Time of life 0.5

: *| Contrast 40
—
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Clear

LoadFile



After Pass 4 the
SNR=6.0345

\ \I‘ ||l! n

i ||‘\|| Y d""m.“ H'I,L ) |i|'|‘d1'| Ij |‘ “‘.A

e h
My " |”|‘

i
"."‘|||||L-“,‘“ﬂ|‘. l‘\‘ln |“|_‘|"|,ll

i
y ml‘l !

h

"I ﬂ [ b Auto
|l||\"|"| W I,h'LnJ ‘M |1J\|‘|"\l~|‘y"\,<|’ﬁl - & o Break
T I ) R

LI o I
'J\L Py g,
!

6.0345

m CarrierTone
2370.59 | BaudRate I wiiteld

o | e
¥ SyncSensitivity [ PLL slow : »I Delay 0.000 Clear

[# MonStop [~ Summary I +| Time of lite 0.5 %
i v | Lif
[~ use RRC fiter [¥ Life E__'— ,I Contrast 40
L 07 Hes | —————— LoadFile

6.0345 This is the

173428 | CarrierTone
[57057 | BaudRate —— constellation
g =l ook _— —=1| created with Life
v SyncSensitivil slow | [ | | Delap 0.000 =
¥ Nons ’ [ v | 4] | | Iim:ur life 0.5 G | unchecked.
[~ use RRC fiter [ Life
: *| Contrast 40
| S LoadFie|
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19.5.6 Comparison of ISD corrected and Original files.

=184 Original file.

£ File Windows Help = |

‘FFTSizelWZ-‘ | ‘ Shift = | 1Type [-50 db ] ‘ Filter [Kaiser. b=8 -] | MinF [0 ‘ MaxF [4000 ‘ Autol [~ |

Spectral lines are
barely discernable.

| e |
R zlxdliras >s|3| xix|le 3| Conall” SRS

FI =130 [Fu=130 [daF =0 | dT = 00:00.000.000 | Speed -0 |1 - 00:00.016 |2 - 00:00.016
| SamplingR ate = 8000 | BitPerSample = 16 |

4 start| | B2 Paint Shop Pra |[%F Centurion OFf... «<ERJ2Q) 1224

Centurion Offline Analyzer [26 april 2007] - [E:\COA\Files' 14924 usb_R&: - = x| .
3 Fle_wreovs b = Corrected file
‘FFTSizeIH]Z-Q ] | shin | 17ype [- 50 b =] Fiter [Kaiser. b8 [=] | MinF [0 | MasF [4000 " | Auol —|

e : 27 The spectral lines

are much more
discernable.

SRS e A e R

A

20
. 2l
SR <ledfi7ae 2> xi<([e 2| Contoll”  SH-SHIT
[FI=130 [Fu=130 [dF=0 [ dT = 00:00.000.000 | Speed =0 [t =00:00.016 |2 - 00:00.016
[ SamplingRate = 8000 [BitPerSample = 16 |

# start| | B8 Paint Shop Pra ... |[%F Centurion OFf... L <M Ja Q) 19.26
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19.5.7 PSK (2) Example Results

Summarizing:

Modulation: 8-ary PSK
Mode: Burst
Upper limit of spectrum: ~3258Hz
Lower limit of spectrum: ~362HZ

Signal bandwidth of spectrum: ~2896Hz

Sub-carrier tone: 1794Hz
Symbol rate: 2371 sym/sec.
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19.6 Analyzing PSK (3)

This is a third worked example showing a continuous signal with high symbol rate.

19.6.1 Symbol rate.

[FiE:\COA\Files\Stanag 4285 6348U FUE(0).wav -lo|xll Prepare the signal.

| FFTSize | -[

Shift [Size |- | IType |- 50 db |=| | Filter [Kaiser. b-8 ||

MinF [0 | MaxF [1000 | Autol [~ ‘ Delineate a section
of good signal and
copy.

JEN a2 2 O s A xelpfAmwun@  pdeooo

[F1=236 | Fu = 3551 dF =3315 [ dT = 00:10.112.000 | Speed = 0.1 [ =60r00.256 |2 -00:10368

1 _lojx]] Call the Modified
‘FFTSizelll]Z*l =l | shift [Size  [=| [1Type [- 50 db =] | Filter [Kaiser. b=8 |=| | MinF [0 |MaxF|4l]l]l] |AuloLl_‘ Quad Amp Det

module.

SISy il el el sl () e

[Fi=1874 [ Fu=1874 dF =0 | dT = o0:00_000.000 v =o0:on1ze [e2-omooize
E:"'-..,COA"*..,FiIes"'-..,Stanag 4285 63480 FUE(0)(c1)(um

‘FFTSizel"]Zd =] | shift [Size =] | 1Type |- 50 db |-| | Filter [Kaiser, b=8 |=|

In the um window
can be seen the
symbol rate line.

MinF [0 | Maxr [1000

. 2
A ET] 2 DIE| EEde ol @ e-l[Bo00
[FI=46 [ Fu=3246 dF =3200 | dT = 00:00.000.000 |Speed = 0 [t -o00:00128 [w2-o00:000128

The rate can be
measured by
aligning one of the
horizontal markers.
Here Fl = 2408

This is the Symbol

E:"'-..‘COA"'-..,FiIes"'-..,Stanag 4285 6348U FUE(0)(c1)(um
Shift [Size || | 1Type |- 50 db =] | Filter |Kaiser. b=8 |-

‘ FFTSize [1024 ||

MinF [0 | MaxF [4000 ‘

TE A »| Rate.
sy’ 2 DIE EHES # ol @ dlsooo
J Fl = 2408 [ Fu=23932 dF =1524 | dT = 00:00.000.000 | Speed = 0 [t1 =o0.00.128 [2-00:00.128
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| MaxF [400D | AutoL [~ |

| FFTSize | .[

Shift [Size ||

IType |- 50 db ||

Filter [Kaiser, b=8 |

MinF [0

JENJENRe 2 DIE] e xoipf iw| @ e-ffE000
[FI =84 [Fu=3703 [dF =3619 [dT - 00:11.007.999 | Speed = 0.09 [0t =00:00512 [e2-00:11519

¥ 1E:\COA\Flles \Stanag 4285 63480 FUE(D)(cL)(um =10 x|

MinF [0 | MaxF [204 | Scate [1n 5] |

; 0
18555 | CanierTone

([ze08 BaudRat I writeld
2 o[ nPsk Ed

[# SyncSensitivity [ PLL slow

LT ] Delay 0.000
7 MonStop [ Summary | 7 ] Time of fe 0.5

il Lifs
I use ARC fiter [ Life W ® @ Ellieeen
CEmSECEESC] |

Clear

LoadFile

Fl = 139.65 Fu=890.63 |dF=750.98 |
15 —1olx|
MinF [0 | MaxF [234 | Scale [11 5] |

elect file for P

‘E:\COAVFiles\Stanag 4285 6348U FUE(D](c1].wav

18555 Carrie

i 2408 BaudF

I 2 | n-Psk Cancel |
I itivity — y 0.000
. s v | o] v| Time of life 0.5
[~ use RRC filter M Life B B = i
: * 05 I

Fl = 139.65 Fu-89063 |dF-750.98 |
©Copyright Monteria, LLC 60

Return to source

copy c.

Delineate and call

Phase Viewer
module.
Enter the Symbol

rate measured
above into the Baud
Rate

Call LoadFile and
select the file.
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[ 1E:\COA\Files\Stanag 4285 6348U FUE(0)(c1)

!
) e
Ayl “‘;I‘\,\"-.".,"-‘.“w" W

Auto

1855 5 CarrierTone

[2408" | BaudRate
2 -] nPsk

7 SyncSensitivity [ PLL slow

v [B) Break
.| SaveAs Hesel,_,,,_.....-.
i
7.5479
[~ writeld

OCEE +| Delay 0.000

¥ NonStop W S | | pm—— +| Time of life 1
il v | Lif
[~ use RAC filter [V Life E__I_ +| Contrast 40
- F -
Fl=139.65 Fu=89063 |dF=750.98 [E:\COA\Files\Stanag 4285 6348U FUE[D)(c1).wav

[ 3E:.COA Files\Stanag 4285 6348U FUE(Q)(c1) (o]
ZIZIZIZIZIZIE’ZIZIZIZIZIZI
155 S O T S S
v (B) Break
|| B =] jjjjjjjjjjjjﬂJ
0.65004
1855.5 CamierT one
IZ-II]B BaudRate I writelQ
Gol

|2 x| n-Psk

¥ SyncSensitivity [ PLL slow

: »| Delay 0.000

7 MonStop " Summary | T +| Time of life 1
i | Lif
I~ use RRC filter v Life III__,_ +| Contrast 40
= |CHE ) - | © LoadFile
F = 3921.88 Fu=89063 |dF=750.98 |E:\COA\Files\Stanag 4285 6348U FUE(0)(c1).wav

:\CDA\Files'Stanag 4285 6348U FUE(0)(c1)

1855.5 CarrierTone

W BaudRate
2 'I n-Psk

[# SpncSensitivity [~ PLL slow

HE SaveAs Reset I

AR R]

[~ WiitelQ

: +| Delay 0.000

¥ NonStop [ Summary | [ +] Time of life 1
I” use RRC filter ¥ Life CEE B e
il w il i
= 05 [ LoadFile
F = 3921.88 Fu = 890.63 \ dF = 750.98 \E:\CUA\FiIes\Slanag 4285 6348U FUE(D)(c1).wav

©Copyright Monteria, LLC
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The ISD
appears.

panel

Set Mode to AM.

Adjust horizontal
slider for maximum
signal and vertical
slider for about mid
height of signal.

Execute AUTO a
few times until the
value stops varying
(mostly increasing).

Note the rising peak
at the green
marker.
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19.6.2 Determining

N-ary.

1€\ COAFiles\Stanag 4285 6348U FUE(0)(c1)

N
h||i|ﬁ“.|\|"(lh|' I| | ‘w.’
r’\il |l| ! \“l'|,|"t||u"' f .J'rillu.'

r.‘l\‘|I
|

1855.5 CarrierTone

IW BaudRate
|2 | nPsk

¥ SyncSensitivity [ PLL slow

¥ HonStop [~ Summary
I” use RRC filter [~ Life
EEr e

Il SaveAsl Reset ElE]

Iz

L

9.2177

[~ wiitelQ

: »I Delay 0.000
: I :I Time of life 1
: 'I Contrast 40

—

Gol I
Clear I

LoadFile I

Iv_l'_

[F=5886.75 |Fu=890.63 |[dF =750.98 [E:\COA\Files\Stanag 4285 6348U FUE(D)[c1).wav

[ 1E:\COA Files\Stanag 4285 63480 FUE(0)(c1)

| |
| n I\ R
| |;~“l"'1||'k|’l“‘|M‘}‘|i|\|\”u|‘u|lql ||lhh|"',|i Ik' v‘l'l IH .'\u'\l

\“
ol

1855.5 CaniierTone

2408 BaudRate
T

[¥ SpncSensitivity [ PLL slow
[¥ NonStop [T Summary
[~ use RRCfilter [~ Life

. Hos

u
o jx

T

49491

[~ writelQ

: +| Delay 0.000
: : Time of life 1
: *| Contrast 40
-

L I

Gol
Clear

LoadFile

F = 5886.75

Fu = 830.63 ‘ dF = 750.98 ‘E:\EDA\FiIes\Slanag 4285 63480 FUE(0)(c1).wav

[1E:\COA Files\Stanag 4285 63480 FUE(0)(c1) =lolx|
(<]~ Mode =
 AM
& X*'n
' N
| \"' Wil || y IM' N |
| i 1|| n\'| ‘.ll.'f“l"\ M Mhﬂ ‘llr".l“‘llll ||H‘Il "W\ l”‘I 1 ~“|\JII‘I|‘ h i .
" ,w.,‘ll.l“""“lj\‘”" Vil v vy N I \r‘"‘ih'il,.-"" J'l'\,, y Ll Auto J
i [ R ||"|-unl‘.|  (B) Break
£ SaveAs Reset =l =l = == =]
o
31807
| [18555 | CamierTone
| IZ-II]B BaudRate ™ writelq
[ B | nPsk i
IV SyncSensitivity [ PLLslow |[([ [ 4] Delay 0.000 Clear
% NonS s v | [ —+] Time of lite 1
I~ use RAC fiker W Life O v
ol LoadFile

F = 5886.75

Fu = 890.63 | dF = 750.98 |E:\CDA\FiIe:\Stanag 4285 6348U FUE(0)(c1). wav

©Copyright Monteria, LLC
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Select XA" Mode

Adjust vertical slider
to set signal height.

Test N= 1-16 until
one achieves a set
of clear lines.

N=1

N=2



N=8

Clear lines.
Therefore signal is
8-ary.

I l “‘I'I“" ‘IUH"IU“‘ r\."'“"“‘ﬂ\.-'l"'l r'“‘FI\"Wr"'%nnI' .M f

The signal lines are
likely to be offset

| [18555 | CarierTane A from the red/g reen
|—2403 RaudRate _—— markers.
! [2 n-Psk Gol
¥ SyncSensitivity [~ PlLslow | ([ [  +| Delay 0.000 Clear . . .
¥ MonStop F Summary | [\ [}] Timeof life 1 Click the Slgnal line
I” use RRC filter v Life E—_,—_‘I Contrast 40 H
- | " semes smesmer) - | nearest the red line.

F = 2039.09 Fu = 890.63 ‘ dF = 750.98 |E:\CDA\FiIe:\Stanag 4285 6348U FUE(D)(c1).wav

19.6.3 Determining sub-carrier (modulated tone) frequency.

FiE:\COoAFiles\Stanag 4285 6348U FUE(D)(c1).wav

Both should align.

Note the adjacent
signal lines will also
be aligned with the

"

" i
Il
i "' I ‘“‘"H"" iy "”'H"‘ g J‘v‘-‘* '»'i"u“u\‘ “‘r““ W hd, Al WE | g " green mgrkers. :
' Pom ek The carrier tone will
g =S | jjjjjjjjjjjjﬂJ now be
- approximately  the
: 6.8427 . Y .
| rmw CantrTane signal's sub-carrier
i 2408 Saudiate itel
| e ™ wiieln — frequency(1800Hz).
[/ SpncSensitivity [~ PlLslow | [4[ [ '+ Delay 0.000 g
v NJ:mSlnp ’ S | | Timeynf life 1 LI
[~ use RRC filter [ Life E B 1
. [ B | B ] LoadFile

F =1677.77 Fu = 890.63 ‘ dF = 750.98 ‘E:\EDA\FiIes\Slanag 4285 63480 FUE(0)(c1).way
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19.6.4 Displaying phase constellation
-' ".,‘,‘iles"‘-‘,.Stanag 4285 6348U FUE(D)(c1).wav ' =10l x|
=l - Mode (=1 =1 = = =N E = EE = EE
i AM J
l @ % Set n-PSK to the
: 2 Ll Il . .
| | 1 () Ll Ll ] g earlier determined
o uli'w | A ‘1}\ A — H y N value.
'4'1“ ||\ iy ll\lu.l v |‘ ||l|‘r' W \I M\ |f\r\\“ 'u'\il I-'N'Wﬂ "'l'l'i\,"’""&ll |U\' i
i |7 (B) Break
) [Ee] | [T jjjjjjjjjjjjﬂJ
1801.64 | CamierTone o842
[240217_] BaudRia I il L ~| Click Go! to run and
n-Psk L N | .
T 5ynms.uvny I PLL slow @ == dISpIay ) the
¥ NonStop I Summary | 7 ] Time of life 1 constellation.
[~ use RRCfiter [ Life S —
= L] | Zlos [ LoadFile
F =1677.77 Fu = 890.63 | dF = 750.98 ‘E:\EDA\FiIes\Stanag 4285 6348U FUE(D)(c1).wav

Adjacent to the constellation window adjust the vertical slider to achieve a
suitable constellation diameter. Adjust the Contrast and Delay sliders to
sharpen the display.

Note the Carrier Tone and BaudRate (SymbolRate) will update.

[¥3E:\COA\Flles\Stanag 4285 63480 FUE(D)(c1).wav A|ternative|y
uncheck the Life
box to build the
constellation (as per
a storage scope)
B clicking the Break
g Sovete] Bt | |g) |y |l ] | DUTEON when
2l sufficiently clear.

B] Mode
C AM
= X°n

EE

b ol |
1 W‘u'-"#'”" N“'\‘. Ml ',"."J”M |'i|“\I’\I i IL'\‘M, Wl fuf'ﬁwﬁl\,'l H' ]

6.8427

1801.67 | CamierTone
240195 | BaudAate I whitel _
[~ ] nPsk
[ SyncSensitiviy [ Pllslow | i | | Delay 0.018 Clear
¥ NonStop ummary | [ +] Time of life 1
|_ (53 13 (L0 @ . *| Contrast 167

E NENNNNNENENEEN LoadFile

F =1677.77 Fu = 890,63 ‘ dF = 750.98 |E:\El]A\FiIes\Slanag 4285 63480 FUE(0)[c1).wav

The constellation shows the eight phase positions; but also two more
prominent phases 180°apart. This is due to the STANAG 4285 (this example)
structure having an 80 symbol synchronization sequence sentin 2 PSK

in each 256 symbol frame.
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19.6.5 PSK (3) Example Results

Summarizing:

Modulation: 8-ary PSK

Mode: Continuous

Sub-carrier tone: 1802Hz

Symbol rate: 2402 sym/sec.

Characteristic: Regular 80 symbol in 256 symbol frame sent in 2-PSK.

This is characteristic of STANAG 4285 waveform.
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19.7

Analyzing MFSK

MFSK = Multiple Frequency Shift Keying. This system employs a number of tones in a set.

Only one tone is transmitted at any instant in time.

19.7.1 Baud rate.

E‘jE W COANWFiles CIS-MFSK_and_PSK_11472_usb(0)(cl).wav

| FFTSize | -[

Shift [Size/8 ||

IType |- 50 db ||

Filter | Kaiser. b=8 ||

MinF [0 | MaxF [4000 | Autol ™ ‘

() — W I DR I e

[FI=1874 [ Fu=1874 dF =0 | dT = 00:00.000.000

0T

EE))
Speed =0

E‘jE COANFiles', CIS-MFSK_and_PSK_11472_usb(0)(cl)(umil).wav

‘ FFTSize 1l]24 'l

Shift |Size/8 =] | IType |- 50 db || | Filter |Kaiser, b=8 ~|

MinF [0 | MasF [4000 | Autol ™ |

[Fr=1874 [ Fu=1874 dF =0

['dT = 00:00.000.000 | Speed = 0 IR

‘ FFTSize |1l]24 -

EjE S COANFiles  CIS-MFSK_and_PSK_11472_usb(0){(c1)(umi).wav

Shift E

IType |- 50 db |-|

Filter [Kaiser, b=8 |

MinF [0

| MaxF | Autol [ |

T — )0 UL IR e

['F1 =365 [ Fu=2365 dF =0

ik )| w| il @ rdfooo

gpeed =011

| dT - D0:08.880.00

©Copyright Monteria, LLC
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Load and prepare
the signal. Call the
Modified
Quadrature
Amplitude Detector.

Datum results with
baud lines not
displayed.

See 19.3.1.1

After Zoom+
adjustment lines
visible.

Set time cursors
and click High
Resolution module
button.
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j E \COA\Files\CIS-MFSK_and PSK_11472 ush(0)(c1)(ur
| MinF [0 | Maxr [634 | seale [t~ 5] |

=10] %]

=1 0
1874 CarrierT one
|1 00 BaudRate [ wiitelQ
|2 -| n-Psk Gol
I~ SyncSensitivity [~ PLL slow Al | Delay 0.000 Clear |
" NonStop I™ Summary | ] | Time of life 0.5
B [ use RRC filter [ Lite E W ] Contrast 40
H | _ Zlos I LDadFiIel
Fl = 40.04 Fu-80.08 [dF -4004 |

Align the FI time cursor with the longest spike. The baud rate is 40 Bd.
Unit element time is 1000/40 = 25 mS

The Fu cursor aligned to the next spike indicates first harmonic.
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=10l %]

[0 | MaxF [4000 | Autol [ |

4.0 0-'0-0" a «» S——

g ,,.{ -r.g;\..rh'h- ;I‘&rr eyl ,p s °$h~ }uh’-‘g‘jfe}i‘b }»rib wpﬁh )

v ¢ '“u ":n

|

QIE 2 D e ﬂﬂgg@ﬂ@ affeo B

['FI - 503 [ Fu = 2598 dF - 2095 | dT - 00:02.335.999 | Speet.= 0.43 [t1 =00.03.072 [©2-00:05408
E:"'-..,COA"'-..,FiIes"*..,CIS—I\-‘IFSK_and_PSK_l 1472 _usk ™ o =]
Samples [&] <¢| IB— QIL” Step < | << |1— QIL” MinF |5|]3 | MaxF |2598 | ¥ _pix |l] | Sum ™ | |

[ 1F: COA\Files\CIS-MFSK_and_PSK_11472_ust

[FI=2246 [ Fu = 2246 dF =0 [ dT = 00:00.024.750 [ Speed = 40.4 [t1 =00:02278  [e2-00:02303

E COANFiles' CIS-MFSK_and_PSK_11472_usk
ples LI&”W 2' > Stepﬂﬁ”‘l— ﬁld| MinF

=10 ]

| MaxF 2598 | X_pix |1SB |(5um o |)

[
alalyy 2 v

[F1=2248 [ Fu = 2246 dF =0 [ dT = 00:00.024.749 | Speed = 40.4 [t =00:02271 [2-00:0229
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Select a section of
the signal.

Click the AOF
button.
A blank -aof

window is created.

Click the Make
Image button.
At the end of

processing align the
time markers with
one unit period.
Note the value of
X_pix.

Note also with time
markers positioned
Speed=40bd.

Enter X_pix/3 result

as Samples
parameter and
update by clicking
the Make Image
button.

On completion
check Sum



4 File Windows Help

- =l %]
=l x|

Samples <</ [56 | 55| > || Step <[ <l [T 23] > || WinF NI | Mosr EEET | %_vix [198 t/s;um

—_ Missing

[Fu=2246 [dF=0

[dT = 00:00.024.749 | Speed - 40.4 [ -o0:02.271 |42 - 00:02.296

This shows a system with 34 tones.

Lowest tone:
Second tone:

913Hz
953Hz

Highest tone: 2233Hz
Four tones are missing. This is due to no activity on these during the
selected signal period.

F1E:\COA\Files'CIS-MFSK_and PSK 11472

ﬁ

2 v

[ F1=2246 [ Fu = 2248

[dF =0

| dT = 00:00.247.500 | Speed = 4.04 [t1 =00.01.481 [2-00:01.728

©Copyright Monteria, LLC
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Maximize the
window for best
presentation. Each
line represents a
tone in the tone set.
The more each tone
is called the longer
the line. Each may
be measured using
the horizontal

marker.

If a _aof image is
created with a Step
of 10 compared to
the previous -aof
image a slower
trace is produced.
Note the speed is
now shown as 1/0th
of the previous
value.
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19.7.3 MFSK Example results.

FFTSize |256 =] | Shift [Size/8 || | IType |- 50db ||

Filter [Kaiser, b=8 |

MinF [0

| MaxF [4000

| Autol [

[F1=1898 [ Fu=1898 dF =0

[}
A1 24 D) LI e & ol il | W] @ dfe00D

[ dT = 00:00.000.000 |Speed=0 v =00:02.080 |2 = 00:02.080

Number of tones:
Highest tone:
Lowest tone:

Tone separation:
System bandwidth:
System center:
Baud rate:

Bit unit period:

©Copyright Monteria, LLC

34

2233Hz

913Hz

40Hz

1320Hz

1573Hz

40bd

25mS

71
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Analyzing OFDM

Symbol rate.

i

‘ FFTSize [1024 -]

=10l x|

| MaxF [4000 | AutoL [~ |

Shift [Size/2 || IType |- 50 db [=| | Filter|Kaiser. b=8 =] | MinF [O

. 2l
SV o = S = = =

[ FI=1874 [ Fu=1874 dF =0 [ dT = 00:00.000.000 [Speed=0 "7 [t1 =o0-00.064 [t2-00:00064
E SCOANFiles \ CIS-MFSK_and_PSK_11472_u o =]
‘FFTSize [(TFZM=] || shift [Sizes2 =] [ 1Type |- 50 db =]/ Fitter [Kaiser. b-8 =] | MinF [0 | Maxr TN | AutoL |

1,
it
i

- 1 A 1hAa L Jei i 4 _4
alaly A EE s @gﬂn ww @  pBoo0 By
[Fi=8 [Fu=414 dF = 406 | dT = 00:10.304.000 [ Speed = 0.1 [v1 =o0:00959  [e2-00:11.263

’

| E:! CA"‘-.‘,Fi les\CIS-MFSK _and_PSK_11472_usb(0)(c1)(i

=10] %]

MinF [0 | Maur [054 | Seate [T 5|

. I
0

: [1425 CarriesT one

| |1[II] BaudRate ™ Writeld
|2 | mPsk Sel
" SyncSensitivity [ PLLslow |[«[ [  s] Dely 0.000 Clear
™ NonStep [ Summary | (o)1 | Time of ife 0.5
" use RRC fiter [ Life BE 8 @ @ = [hneen

v - . dos | ——————— LoadFile
Fl - 40.04 Fu-8008  [dF-40.04 |
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Load the signal and
prepare.

Call the Modified
Quad Amp Det
module.

Adjust signal to
display baud line

and harmonics per
19.3.1.1

Set time markers.
Call High
Resolution module.

Align the FI vertical
cursor with the
longest spike to
measure the rate.

In this example 40
bd is the baud rate.

Use the Fu marker
to measure the
harmonics.
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19.8.2 Determining channel frequency and modulation.
¥]Centurion ine Analyzer apri - [E:y \Files - X H
Ie W‘ndows‘p Analy [26 april 2007] - [E:\COA\Fil _!_Iiillj Dellneate the IoWer
‘FFTSizeltﬂBZ =] | shin | 1ype [-50 b =]/ Fiter [kaiser. b-6 [=] | MinF [0°"" | MasF [10000" | Autol I | end of the channels

and filter.

S| 22| vl =1
[Fl-=e13  [Fu-1002 [dF-189 [

| SamplingRate = 20000 | BitPerSample = 16 |
#5tart| | @ Centurion - Spe... | 2 Centurion_User... || £ Cel

%ﬁlﬂﬁﬂmma aedpaT—

:00.000.[:90 | Speed =0 |1 - 00:00307 |2 - 00:00.307

ion Off... B Paint Shop Pro ..

« Z2 (J& Dy 12116

FiCenturion Offline Analyzer [26 april 2007] - [E:\COA\Files

=Bx  7650m and further

o File Windows Help TR -
‘FFTSize =] | shitt [Sizere =] | MTyne [ 50 db =] | Filter [Kaiser. b8 =] | MinF TN | MosF ERECH | Autol | filter the lowest

channel.

Note this system
has a pilot tone
(952 Hz) adjacent.

Delineate channel
and call Involutions
SO module (X

- —

m.‘ ."J""|

e L e e LR

[Fi=87 [Fu=941 [dF =70 | dT = 00:00.000] Speed = 0 t1 = 00:00.051 |12 = 00:00.051

[ SamplingRate = 20000 | BitPerSample = 16 |

2 start| | @ Centurion - Spe...| @Ceﬁturion,User..\ o Centurion Off... B Paint Shop Pro .., «<BeJe9y 12117
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Centurion Offline Analyzer [26 april 2007] - [E:\COA\Files"
o File Windows Help

‘ FFTSize |/ |[shitt [size& =] | 1Type [- 50 db =] | Fier[Kaiser. b-8 [<] | MinF | Maxr GEEIN | Auol T

s edmn
[Fi=76  [Fu-88  |[dF=164

d;Start| J & Centurion - Spe... | 4l Carturion User... | o Centurion Off... B Paint Shop Pro ...

el

« BN J2 8y 12119

EiCenturion Offline Analyzer [26 april 2007] - [E:\COA\Files)

£ File Windows Help

‘FFTSizeltﬂBZ =] | shit [sizere =] | rmype [-50 db =] | Fiter [Kaiser. b-6 [5] | MinF | Maxr EEEIN | Avtol I

5
Fl=76 [Fu- 88 [dF>a164 [ dT —80f00.00u.200 [Sred =0 _/[u -o0:00.051

a‘_'Startl | & Centurion - Spe... | ﬂJCenturion[%_User..‘ | o Centurion Off... B Pairt Shop Pro ...

« 2 J& Ty 12:20
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In this g window
| delineate and test
for n-ary using 2, 4
and 8 variants
looking for the
symbol rate line,
and it's two
adjacents.

After each change
click the X" button
to process.

This occurs in this
| example with 4-ary

Check Control and
adjust the
frequency until the
(red) control line is
aligned with the
central symbol rate
line. In this case
shown offset but
912 Hz is the
correct value.



" _|ojxJ| Return to the parent

!| FFTSize [[TEEM] | Shift [size/s || | 1Type [- 50 db [/ | Filter [Kaiser. b= |2 | MinF LN | MaxF KEECM | AutoL ‘ window and
| delineate the
channel.

Call the Phase
Viewer.

QIE 2 ME| e ﬂJX“ﬁ\pﬂﬂILﬂl@ £ [20000
eed = 0.09

[F1-859 [ Fu = 959 dF = 100 [ dT = 00:11.622.400 |1 -00.00.665 [12-00-12288

Click LoadFile and
select the source
file from the list.

‘ FiE:\COA\Files\workingwindowfor Crowd30 OFDM-2(0)(f1)(f2
|

? - Set (as integers)
Fom ek the measured

j SaveAs Reset EIEIEIEIEIE ValueS into
Carrier tone,
Symbol rate and

n-PSK.

[T
[T
[T
[T}
[T
[T
[
[T}
[T}
(KT
[
[T
[

(1]

|31 1.81 CarrierT one

IW BaudRate

x| n-Psk

[~ whitelQ

r ™ PLL slow Detay—0.000
v NonStoj " Summary +| Time of life 0.9

D T T e P Check  NonStop,
A A0S LoadFile Life.

A

[F-630263 [Fu-1384.28 |[dF-469.36 |E:\COA\Files\workingwindowfor Crowd30 OFDM-2(0)(f1)(f2). wav <+

Click Go!

At first the constellation will be very small. Increase the position of the Phase
Scale (vertical) slider to achieve a suitable diameter(amplitude).

The Carrier Tone and Symbol Rate will alter to the correct values.
The constellation is in real-time and may produce a disjointed display. Try

Un-checking Life, and reducing the Contrast. The constellation will build over
time. Click Break when a suitable display is achieved.
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19.8.4 Tone/channel structure.

This example is difficult to assess due to the number of, and close proximity to, adjacent
channels which cannot readily be counted as per (say) Section 19.8.2. Increasing the sampling
rate from 8000 to 15000, and FFT Size from 1024 to 8192 makes little improvement.

Being orthogonal, and with a symbol rate of 40 symbols/sec, it is worth assuming as a start
point that the channel separation is 40Hz and working on that as a hypothesis.

The lowest channel is 912 Hz. The next step would be to measure channel two. In this case it
is an unmodulated tone.

¥ 1E:, COA \Files\CIS-MFSK_and_PSK_11472_u -|=lx|| Isolate the channels
‘FFTSize|8192 =]/| snite [FEEYZMEE] | 1Type [- 50 db =] | Filter [Kaiser. b-8 || | MinF [0 |MaxF | Autol [~ | for analysis.

lIE o
HIEUET) e 24 e e o e ] il @ e [15000

['F1-18868 [ Fu=1868 dF =0 | dT = 00:00.000.000 |Speed -0 [t -00:00.136 [©2-o00:00136

Centurion Offline Analyzer [26 april 2007] - [E:\COA\Files - = x| e

& File Windows Help =181l MaXImlze the
‘FFTSizelHH}Z ] | shin <] | r1ype [- 50 db ] | Fitter [Kaiser. b-6 =] | MinF [0 | M [T | Autol —| window for

improved clarity.

Delineate and call
the High Resolution
module.

e 2 EE L e @ w|v|@  pffisoo0 [l
[FI=1933  [Fu-1933 [dF-0 |dT - 00:11.605333 |Speed = 0.09 [t =oo00136 |12 - 0011 741

| SamplingRate = 15000 | BitPerSample = 16 |
i Start| | B2 Paint Shop Pro ... |[%F Centurion OFf... « o | J9 Qy 11:46
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I 1E:\COA'Files\CIS-MFSK_and_PSK_11472_ush(0 — |0l x| Align the FI marker
MinF [731 | MaxF [1568 | scate [in 5] | with the Iarge
unmodulated tone.

P L3

1933 CarrierTone

100 BaudRate I Wiiteln

2 'I n-Psk L

[~ SpncSensitivity [~ PlLslow | [\ [ | Delap 0.000 _Clear_|

™ NonS Imi] y | L] _+| Time of life 0.5

i Lif

I” use RRCfilter [ Life 0 0T ] contast4n

m m 0
- dos |———— LoadFile

FI=951.23 |Fu=154541 |dF=53418 |

The pilot measures 951Hz confirming the presumed channel separation
of 40 Hz (951-912=39Hz).

The next step is to measure the upper channel. Using previous procedure
(Section 19.8.2) isolate (filter) the top channel area, delineate and call the
Involutions module X".

Ficenturion Offline Analyzer [26 april 2007] - [E:\COA - =] x|
£ File Windows Help o =1

‘FFTSizeltﬂBZ =] | shitt [Sizez4 =] [[17ype [-50 b || Filtes [Kaiser. b8 [5] | MinF [0 | MaxF [7500 | Auol |

Set n-ary to 4 as
this has already
been ascertained.

S <Pz »l>]| Control [~ S[=S['

| Fu'd 570 [dF=1448 [ dT = 00:00.000. |11 =00:00.136 |12 - 00:00.136

[ SamplingRate = 15000 | BitPerSample = 16 |
# start| | B8 Paint Shop Pra ... |[5F Centurion OFf... «EWIJ2 9 1154
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Centurion Offline Analyzer [26 april 2007] - [E:Y
£ File Windows Help

= x]
RETE

‘FFTSizelHH}Z =] | shitt [sizez+ =] | rrype [- 50 db =] | Fitter [Kaiser. b-6 [=] | MinF | Maxr [TETR | Autol

& <] xelfzz36 >3] Faid| e | m SE=S0 T
Fl=76 Fu = -66 [d 42 dT_=80:00.000.000 |Speed =0~ [t1 = 00:00.136 |2 = 00:00.136

| SamplingRate = 15000 | BitPerSample = 16 |

4/8tart| | B2 Paint Shop Pro ... [[ % Centurion OFf... N

« ]88y 1156

Return to the source window, delineate and call the Phase Viewer.

o == x|

File ‘Windows Help

3 -lolx|

‘FFTSizelmﬁZ =] | st [sizez4 =] | 1Type [- 50 db =] | Filter [Keiser. b-6 =] | MinF [0 | Manr T | Aol ‘

of

MinF [0

| MaxF [838

| Seale [11 ] ¥ 1Select file for PhaseP ill

E-\COANFiles\CIS MFSK_and_PSK_11472_usb(0)[r_15000)(c1).wav
E:ACOANFiles\CIS-MFSK_and_PSK_11472_usb(0)l_15000)(c1)(f1).wav

‘E:ACOANFiles\CIS-MFSK_and PSK 11472 usb[0](r 150001(c11(1)[F2]. wav

)

| N

22375 | Camieil
100 BaudRa = gk

2 | nPsk

I SyncSensitivity | PLL slow
™ MonStop ™ Summary
I Life

Cancel

. +| Delay 0.000
: +| Time of life 0.5

Clear

=15
B
Go!
CEE|

W e o ] = = [Elfcnuesgan
[T [l Dlos LoadFile
Fi - 130.92 Fu-1474  [dF-1648 |

SamplingRate = 15000 [ BitPerSample = 16 |

2 start| | B2 Paint shop Pro ... [[ 5 Centurion OFf... <ERJ2 G 11:50
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Check Control and

| adjust frequency to

center, calling
Involutions module
X" after each

change to update.

In the Phase Viewer
click LoadFile,
select the file and
click OK.

Set (integers)
Carrier Tone,
Symbol Rate and

n-PSK to values
measured.
Check Non-stop

and Go!.
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:\COA\Files\CTS-MFSK_and_PSK_11472_ush(0)(r_15000)(c

ZI Mode

 AM

@ X°n
N

J 1 vI

Auto
v (B] Ereak
.| SavehAs Fhaarelvv_vvvvv_'vvv
Bl
P 1]
2233.39 CarrierT one

140.02 BaudRate
[ =) mea L N
[ SyncSensitivity [ PLLslow |[«] | | Delay 0D.000 Clear
7 MonStop [ Summary | [ ]| Time ot lite 1

[~ use RRC fiter [ Life BN = Elehrer

. ‘ Hos | ——— LoadFile

Fl=130.92 Fu=147.4 | dF = 16.48 |E:\El]A\FiIex\EIS-MFSKiamLPSKJ 1472 _usb{0)(r_15000)(c1)({1)({2).way

™ WritelQ

The Carrier Tone settles on 2233 Hz. This is the top channel frequency.

From this it can be established that the number of channels is

[Top channel - Lowest Channel/40 Hz] + 1

(2233 - 912/ 40) + 1

(1321 /40) +1

33 + 1
= 34,

Also the signal bandwidth (Top-Lowest channel) = 1321 Hz.
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19.8.5 OFDM Example results.

Channels 34

Pilot tone 952 Hz

Low channel 912 Hz

High channel 2233 Hz
Modulation 4-PSK

Symbol rate 40 symbols/sec

Signal bandwidth 1321 Hz
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N7 MONTERIA

This Page is intentionally left blank

©Copyright Monteria, LLC 82



N7 MONTERIA

19.9 Analyzing QAM

19.9.1 V29

An easy example to start. This is not pure QAM (Quadrature Amplitude Modulation) but the

principles used for the analysis of this signal is also used for QAM.

19.9.1.1 Determining symbol rate

¥ 4E:\COA\Files'
Shift [Size =]

=10l %]

| MaxF [4000 | Autol - |

‘ FFTSize [1024 -]

IType |- 50 db -]

Filter |Kaiser, b=8 ~|

MinF [0

. ' -]
o — W i = =< P S L

[FI=198 [Fu=3132 dF = 2934 | dT =08-76.495.999 | Speed = 0.04 [t1 0000640 [2-00:27135

E N COA\Files'\ QAM \w29(0)(ul ).wav - ol x|
‘FFTSizeI <] | shift [size || [ 1Type |- 50 db =] | Fitter [Kaiser. b=8 <] | MinF [0 |MaxF|4l]I]l] |AuluL|_ |

st : -
BN ¢ =, 3 s > S | 1
['FI - 3855 [Fu - 3855 dF -0 [dT - 00:00.000.000 [Speed=0 W -00:00128 |[e2-00:00128

E SCOANFiles \ QAM\WW29(0)(ul ).wav
‘FFTSizeI -] | shift [size =] | 1Type |- 50.db 7]

=10] x|

| MaxF [4000 | Autol - |

Filter |Kaiser, b=8 ~|

MinF [0

. 2l
alzis [ A FE EHE e # o | m @ B0
[ FI = 2408 [ Fu = 3855 dF = 1447 | dT = 00:00.000.000 | Speed =0 [t1 =00:00.128 [2-00:00.128
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Prepare the signal.
Open file and
delineate.

Call Quad Amp Det
module

In the u window the
symbol rate line is
visible.

The FI horizontal
marker may be
aligned and

measured from the
status line.
Symbol rate 2408.



=10 x|

‘ FFTSize 1l]24 -

Shift |Size

I~

IType |- 50 db -]

Filter [Kaiser. b=8 |-| | MinF [0

| MaxF 4000 | Autol |

SIS 2 mE HEal #

I

['F1=1989 | Fu=2827

dF = 838

['dT = oo:10.240.000

Speed = 0.1

[ o1 = o0:12.032

2 =222 A

[ 3E:\COA \Files\QAM\w29(0)(ul).wav

MinF [0 | ManF [3574 | Scale VNN |

=10| x|

0
| [2408 CarierTone
| |
| 100 BaudRate ™ whitelQ
| |2 | n-Psk Sel
] ¥ SyncSensitivity [~ PLLslow |[«] [ ] Delay 0.000 Clear
i ¥ MonStop [ C [2] +| Time of life 0.5
I " use RRC fiter [/ Life B B = Elerem
1 =
- B § @ e - LoadFile
FI-239844 |Fu-333063 |dF-99213 |
©Copyright Monteria, LLC 84

Alternatively the
signal in the wu
window can be

delineated and the
Viewer called.

Scale is adjusted to
reveal the spike and
the Fl marker
aligned.

The symbol rate is
given as 2398.44.

The two methods
point to a symbol
rate of 2400
symbols/sec.



19.9.1.2 Determining carrier and initial n-ary

_lolx|| Return to the
Mk [ | Ma# 000 Ao || sOUrce window,
delineate and call
the X" function.

‘ FFTSize 1l]24 -

Shift ISlze

=l | 1Type |- 50 db [=| | Filter [Kaiser, b=8 =]

3 o
A el U =) =] %ﬂlﬂlﬂ_ﬂl@ R [B000
[Fr=198 [ Fu=3132 dF =2934 [ dT = 00:07.168.000 \Speed = 0.14 [t =o008832 [12-o006000
Centurion Offline Analyzer [15 may 2007] - [E:'-.COA"-FiIes'-,QAI\- = H
o File Windows Help e The q WIndOW
‘ FFTSize 1/ st [size =]/ | 17ype [- 50 b =]/ Fiter [Kaiser. -8 [=] | MinF [0 | MasF [4000 | Auol | shows no

information.

Increase n to 4 and
call the X" function
again.

« »
]

[ElE ] <|x<|[1ees 2 > |C > <|[2~ >|) Contall"  SH-SWIT

[Fr=130 [Fu=130 [dF=0 [ dT = 00:00.006- Ged = 0 [t1=00:00128 |12 = 00:00.128

[ samplingRate = 8000 [ BitPerSample = 16 |

4 Start| |[F Centurion Off... | BB Paint Shop Pro .. s « W JD 8y 12:13
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=8lxl The window now

o File \Windows Help -2 x|

‘FFTSize|1I124 =] | shit [size =] | 1Type [-50 db =] | Filter [Kaiser. b=8 (=] | MinF [0~ | MawF [4000"" | Autal | shows a trace line.
B ‘

A

Initial n-ary is 4.

Check the Control
box to enable the
control line.

G b

A i
E] lz<fees [El>] i<+ >| { ContolfF) SE-SEIT

[Fr=130 [Fu=130 [dF=0 [ dT = 00:00.000.000 | Speed =B~ [t1 = 00:00.128 |2 = 00:00.128

[ samplingRate = 8000 [ BitPerSample = 16 |

41Start J «f Centurion Off... %Daint Shop Pro ...

on Offline Analyzer [15 may 2007] - [E =
o File Windows Help _181x]

‘FFTSize|1I124 =] | shi [size =] | 1mype [-50 db ] | Filter [Kaiser. b-8 [=] | MinF [0 | MasF [4000 | Auol |

Adjust the
frequency counter
(followed each time
by clicking the X"
button) until the
two lines are
aligned.

The subcarrier is

ad S R - o > shown to be on
§ <] << >3] o < > Control ¥ S-S
\F|=_13n [Fu=130 [a L 00.0 ﬂﬂﬂ“ﬁpeed:ﬂ [t =o0:00128 |2 = 00:00.128 1728HZ

[ samplingRate = 8000 [ BitPerSample = 16 |

4 Start| |[F Centurion Off... | BB Paint Shop Pro .. ke « M JD ]y 12:16
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Determining N-ary

=10 x|

| MaxF [4000 ‘ AutoL [0 |

Shift [Size =] Filter |Kaiser, b=8 || | MinF [0

1Type |- 50 db -]

@IE 24 bl el #o(Een W pdEo

[F1=198 [Fu=3132 dF =2934 | dT = 00:25.984.000 /f Speed = 0.04 [t1 =o0:00.896 [z-00:26.879
o€
MinF [0 | MaxF [9a | Scale [1n ] |

0

1730 CarrierT one
2400 BaudRate I writeld 0k |

Gol

ivity | PLL slow

. +| Delay 0.000

% NonS s v | [ +] Time of life 0.5
il Lif
I~ use RRC filter [V Life m B Eiraern
S N o e— )

FI=139.65 Fu=157.23 [dF=1758 |

FAE:\COA\Files\QAM\v29(0).wav

Auto

(Dp 8) Bieak
of Savehs| _Roset | |oj|of|of of oo o] ol o Lo L= -
: o
3.1542
1730 CanierTone
IZ-II]IJ BaudRate I whitelQ
|4 | nPsk e
I SyncSensitvity [ PLLslow [[<[ [ L Delay 0.000 _ Clear_|
¥ NonStop L [2] __[+] Time of life 1
[ use RRC filter [ Life s B §1
Sl N — _LoadFile |

F = 145266 Fu =157.23

[ aF =17.58 |E-\COAVFiles\QAMAv23(0). wav
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Return to the
source window,
delineate and call
the Phase Viewer.

Enter parameters
already determined:
CarrierTone
1728Hz.
Baud(Symbol)Rate
2400.
n-Psk 4

Select LoadFile

Set Mode = X™"
N=4

Adjust sliders:

Horizontal for max
amplitude, and
vertical for

approximately
midway.



]

.| SavehAs L I Sl el S SR

-

9.6295

W CarrierTone
[2400 | BaudRate I writeln

n ] nPsk __Ga |
[ SpncSensitivity [~ PlLslow | [\ [ ] Delay 0.000 Clsar
¥ NonStop [ Summary | (77 1] ime of life 1

[~ use RRCfilter [~ Life B N O

= | DR ) | - LoadFile

[F=2735.81 [Fu=157.23 [dF=17.58  |E:\CDA\Files\QAM\v29[0) wav

F3E:\COA\Files\QAM29(0).wav =l=]x]

o

9.6295

|1 729.48 CarmierT one

IZHHS,H! BaudRate ™ writelq
[t =l npk ]
¥ SyncSensitivity [~ PLL slow +| Delay 0.000 Clear

[ MonStap [ Summary | o +| Time of life 1
il v Lif
" useRRCfiter W Life B B = e
= B m Bl = | LoadFile

[F=2735.81 [Fu=157.23 [dF=17.98  [E:\CDA\Files\QAM\v29(0).wav

This is not classical QAM but close. However it is also not classical PSK-8.
Therefore AM Mode is not used in the ISD corrector - only X" Mode.

[FEIE:\COA\Files\QAM:v29(0).wav

Auto J
| iFm® Break
.| SaveAs Reset ==l =l1=l=l =1 =1 =l [=l =] |=0 =] |=

5.7696

W CarrierTone
[2399.53 | BaudRate I witeln
m n-Psk :
[ SyncSensitivity [~ PLLslow | [ [  [+] Delay 0.000 Clear
[ NonStop [/ Summary | (f- (5] Time of life 1

[~ use RRCfilter [~ Life T BT e

e — LoadFile

F = 2186.51 Fu=157.23 | dF = 17.58 ‘E:\CDA\FiIe:\QAM\vZS[D].wav
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Execute AUTO a
number of times
until  value stops
rising.

Click Go! button to
display
constellation.

Note 8 symbol
points.

CarrierTone and
Baud(Symbol)Rate
settle on actual
values.

1730Hz and 2400
symbols/sec.

Change N=8.
Continue AUTO
processing until
value stops rising.
Click Go! button

and check
constellation.
Note -  Always
check constellation
before actioning
Save As.

Save As (eg) 1.wav
in spite of fact of
poor quality.
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HiH

Close the current source window. Do NOT close the Viewer.
Open the previously saved file (File|OpenAudioFile).

Action LoadFile.

Execute AUTO processing a number of times.

Click Go! and check constellation.

Save As (eg 2.wav ie next increment).

Return to ### above and repeat.

NOoO O WN -

The following images show the results after each loop. Note the improvement in the
constellation clarity.

FIE:\COA\Files\QAMY 1(0).wav =15

L=l
]

5.5851
1729.47 CamierT one

IZHHS,EH BaudRate [ WritelQ

o
[ SyncSensitivity [~ PLL slow +| Delay 0.000 Clear

¥ NonStop [ Summary | [ +] Time of life 1
. [ Lif
I" use RRCfiter [ Life [T 0 Dl contrast 40
= nE dos | ——————— LoadFile

F = 1985.86 Fu =157.23 | dF = 17.58 |E:\CDA\FiIu:\I]AM\1 (0).wav

EIE:\COA\Flles\QAM\2Q)Way =

7.4039
1729.5 CanierTone

W BaudRate I WiitelQ
[1 =l nPsk
[ SyncSensitivity [~ PLLslow |[([ [ ] Delay 0.000
[¥ MNonStop [ Summary | [ ] Time of life 1
[~ use RRC filter [+ Life e B §1
- |CEEE B | LostFie

F = 2229.47 Fu=157.23 | dF = 17.58 ‘E:\CDA\FiIv::\IJAM\Z[I]].wav
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Auto Il
q || I~ (B) Break
£ Reset | |

[T
[T
[T
[T}
[T
[ET
[T
[T}
[T}
[T
[T
[ET}
|

7mz23
172948 CarriesTone

[2399.54 | BaudRate I witel

|4 ~| n-Psk Go!
[+ SyncSensitivity [~ PLLslow | [« [  +] Delay 0.000 Clear
¥ NonStop [ Summary | [ (5] Time of life 1

[~ use RRC fiter ' Life B B = Ol

= . ] os - LoadFile

F =2032.23 Fu = 157.23 | dF = 17.58 |E:\I:I]A\Filex\l]AM\ﬂ[l]].wav

The following image is based on the original V29.wav file (ie no correction).
Compare this with that above based on 3.wav plus unsaved correction.

[E1E:\COA\Files\QAMW29(0).wav o]
3 =]
St o M |'\""h“l|\'w"ill""' J
Al ‘n.n“‘“"n’l",»IL"{’”“""\-‘H“"—-.|’er‘|’!~, LA - o |
¥ I [B) Break
.| SaveAs Reset = 1=1l=11=11=1 =l =0 =1 =1 =1 = ==
o

2544
1720.48 CarrierT one

[2399.52 | BaudRate I wiitel
m n-Psk
[ SyncSensitivity ™ PLLslow | [([ [ ] Delay 0.000 Clear
[¥ HonStop [ Summary | 77T\ Time of life 1

[~ use RRC fiter [ Life ol B.. ...  Dleeers

= | ] Zos = | % LoadFile

F = 2024.38 Fu =157.23 ‘ dF = 17.58 |E:\CDA\FiIas\QAM\v23[l]].wav
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19.9.2

QAM-16

This is a classic QAM signal.

Determining symbol rate.

=10 ]

MinF [0

| MaxF [5512 | Autol - ‘

e | E— W0 L s (2):d
[ 'F1 - 2583 [ Fu = 2583 dF =0 4 Speed = 0.02

[ dT = 00:59.907.

o] ok | | | B R{fiT025

[ 1 = 00:01.578

[e2-01:01488

EiCenturion Offline Analyzer [15 may 2007] - [E:\COA\Files\QAM\gam_16(0)(ul).wav]

W File Windows  Help

- =] x|
=15 x|

‘ FFTSize [{FIW -

Shift [Size

= | 1Type [-50 db ]

Filter [Kaiser. b=8 -] | MinF [0 ‘ MaxF [5512 ‘ Autol [~

Xt i R
W, i

[SYERpg 2 HE HEe #H el

el 4

sulme sl —

[Fil-2406  [Fu-4915 [dF - 2509

| dT = 00:00.000.000 | Speed -0

| &1 = 00:00.092

|12 - o0:00.002

| Sampingrate = 11025

| BitPerSample = 16 |

tthtartl | Z_ ZoreAlarm Sec... | Z- Scanning Status | ER Paint Shop Fro ... | I Centurion Off...
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s

« QWa D 1023

Prepare and
delineate the
source file.

Call the Quad Amp
Det function.

In the resultant u
window use the
horizontal cursor to

determine the
Symbol Rate.
Symbol Rate is
nominally 2406
symbols/sec..

v



19.9.2.2 Determining carrier and initial n-ary

[ iCenturion Offline Analyzer [15 may 2007] - [E:\COA\Files\QAM\gam_16(@)(cq)jwav] 5x] Return to source
L File Windows Help =l&lx|

‘FFTSizelWZ-‘ 5] | shitt[size =] | rmype [-20 ab =] | Filter [Kaiser. b-6 ] | MinF [0 | MaaF [5512 | Autal [ | ﬁle, delinea.te and
call X" function.

In the resultant q
window increase
the n-ary count to 4.
Call X" function
again.

Two lines appear.
The lower is the
carrier. The upper
(fainter) line is
apparently a
symbolrate ghost.

Check Control to
enable the cursor

‘ |

Y Y s3] 3| (xf < NG : - .
’%‘ Fu--4458 | "FZIU_I 1851 dT_:I duu.u ._"‘_Deed — | ns{:l]us:[:u.usz |12 = 00:00.092 for carrier
Sompingfiale 11025 | BuPersanle =16 | measurement.

4/8tart| | Z. ZoreAlarm Sec... | Z Scanning Status | B® Paint Shop Pro ... [[SE Centurion OfF... « Q@RI 10:29

FiCenturion Offline Analyzer [15 may 2007] - [E:\COA'Files\QAM\gam_16(0)(q).wav] - = x|

A File Windows  Help & x|
‘FFTSize|1[I24 =] | shit [size =] | rmype [- 40 db ] | Fitter [Kaiser. b-6 [=] | MinF [0 | MaxF [§512 | Autol - —|

One of the
horizontal cursors
indicates the fainter
line is 2400.

Adjust the Control
line counter (each
time followed by
clicking X" to
update) until the
two line coincide.

» Carrier frequency is

@E <(x<|[1s09 | 23 x|+ | >| ContallF  SWH=SOIT

Fl = -2500 Fu=--4458 | dF = 1958 o= 00.000 |Speed =0 [t =00:00.092 |2 - 00:00.092 nomlna”y 1809HZ
| SamplingRate = 11025 | BitPerSample = 16 |

#Start| | Z_Zoneslarm Sec.., | Z- Scanning Status | B2 paint Shop Pro .. |[ 3 Centurion OFf... « QWa Py 10:32
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Determining N-ary

3 o] x|
¥ Iselect file for

E:\COAVFiles\QAM\qam_16(0). wav

Return to the
source file,

MinF [0 | MaxF [16 | Scate 1A ||

1809 CarrierT one
2406 BaudRate

gitivitpy [~ PLL slow

[+ Sync'

(1]

[ WiitelQ

Canc

< +| Delay 0.000

[¥ NonStop [ Summary | [~ [}] Time of life 0.5
i v Lifi
[~ use RRC fiter [ Life B § == et
. dos | —————
Fl = 96.22 Fu=108.33 [dF=1211 [

FiE:\CoA\Files\QAM \gam_16(0).wav

1809 CanierTone
2406 BaudRate
4 | nPsk

[ SyncSensitivitg [~ PLL slow

7.2814

[~ whitelQ

< +| Delay 0.000

[ NonStop [ Summary | [f [} Time of life 1
i W Life
I use RRCfilter M I 0l contrast4o
. n Hos |\ ——— LoadFile
F=144832 [Fu=10833 |[dF-=1211  [E:\COA\Files\QAM\qam_16[0).wav

E S\ COAVFiles\QAM\gam_16(0).wav

b
! I""‘"\\\UJ w\ n

!
Pl
W

1809.98 CarrierTone
2400.5 BaudRate
4 'I n-Psk

[¥ SyncSensitivity [ PLL slow

7.2814

[~ whitelQ

‘ +| Delay 0.000

Clear

[ NonStop [/ Summary | [ ]| Time of life 1
i Lif
I use RRCfiter [V Life I 0 contastao
= 0 Jos | ——————— < LoadFile |
F=144832 [Fu-108.33 [dF-=1211  |E:\CDAVFiles\OAM\qam_16(0).way

©Copyright Monteria, LLC

delineate and call
the Phase Viewer.

Enter the previously
determined

parameters

Carrier 1809 Hz
Baud(Symbol)Rate

2406.

n-Psk = 4.

Action LoadFile.

the ISD

panel

With
corrector
visible set
Mode = X"" and
N=4.

Adjust sliders.

Display
constellation by
clicking Go! button.

Quality is poor with
no ISD correction
computed.

Carrier Tone and
Baud(Symbol)Rate
settle on correct
values.



Auto
I ()] Break

~ ] Savefs Reset -l

7.3243
1810 CarrierTone
2399.99 BaudRate I Writeld
4 | nPsk
[¥ SyncSensitivity [ PLL slow Al +| Delay 0.000
¥ MonS s y | [ +| Time of life 1
il v Lif
[V use RRC filter [ Life m W Eleen
: I 'I 0.48 —

F = 2762.84 Fu = 108.33 | dF =12.11 |E:\[:I]A\Filex\|]AH\qam71 B[0). wav

E:"COA'\Files\QAM'\gam_16(0).wav

it Mt
P,

| 9.2666
1810 CarrierT one
|24I]IJ.I]1 BaudRate ™ Whiteld
|4 -| n-Psk

7 Syncﬁensilivily . ] Delsy 0.000
¥ HonStop ummary | [ [ [}+] Time of life 1

: v Lif
[~ useRRCfiter I Life = & s
CEC |

F =1448.32 Fu =108.33 | dF =12.11 |E:\CDA\FiIe:\I]AM\qam_1S[I]].wav

E NNCOANFiles QAMYq16-3(0).way

9.3259
1810 CaniesTone
2400 BaudRate I WiitelQ
[+ = nPsk
[V SpncSensitivity I Pllslow |[([ [ ~ +] Delay 0.00D
% MonS r s v | o +| Time of life 1

’ [ Lif

[~ use RRCfilter ¥ Life e B 1
mf ® @ EES (.

F=319251 Fu=108.33 ‘ dF =12.11 |E:\CDA\FiIe:\QAM\q1 6-3(0).wav
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Continuing from the
previous image if
the Use RRC Filter
box is checked a
256 point
constellation will
appear.

This is a phantom
image. This option
should only be set
for QAM >32-64
and not for this
QAM-16.

Process AUTO a
number of times
and retry Go!.

The display quality
becomes
meaningful.

Note: Check PLL
slow after each Go!
run started and
signal
synchronized.

If the previous ISD
correction is saved
and the user
repeats this process
a number of times
as described in

Section 19.5.5 the
quality of the
constellation will
further improve.



19.9.3 QAM-64
19.9.3.1 Determining Symbol Rate, Carrier and initial N-ary

EiCenturion Offline Analyzer [15 may 2007] - [E:\COA\Files\Q == x| H
o File windows Help 18] x| TWO WlndOWS
‘ FrTSize [TZML] | shit[size =] | ype [-50 db =] | Filter [Kaiser. b-6 <] | MinF [0 | MaaF [4800 " | Autal [~ | created from the

source file.

u window indicates
symbol rate of
2400.

SN 5 i = S B W <> T2

01  [Fu-4776 |dF=2375 | dT - 00:00.000.000 | Speed -0 |1 - 00:00.106 |2 - 00:00.106
| Semptaytate = 9600 | BitPerSample = 16 |

4 start| | B2 Paint Shop Pra |[%F Centurion OFf... N « 2598 Q) 1543

FiCenturion Offline Analyzer [15 may 2007] - [E:\COA\Files\Q - =] x|
£ File Windows Help o =1

‘FFTSizelH]Z-l =] | shift [size =] ||Type|'5ﬂ db [-| | Filter [Kaiser. b=8 [-] | MinF [0 ‘MaxF 4800 ‘AutuLl_

q window indicates
carrier  frequency,
and initial n-ary.

3
£/ s 40 | I <l 2| CommolFF  sm-SUI—
Fi-3882 [Fu-3882 |dF-0 200 5 ['¢l = 00:00.106

| a1 = oS00 | Spoed =U
| SamplingR ate = 9600 | BitPerSample = 16 |

# start| | B8 Paint Shop Pra ... |[5F Centurion OFf... « 5@ Gy 1540

|12 = 00:00.106
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|1 800 CamnierT one
IZ-II]IJ BaudRate ™ whiteld

|4 | n-Psk
[ SyncSensitivity I PLLslow | [(] | +| Delay 0.000

6.985

% NonS

" Summary | 7 _[+] Time of ife 1

il v Lifi
¥ use RRC filter [V Life M v )
ol

Clear

LoadFile

F = 419063 Fu =19434 | dF = 10.55

|E:\EI]A\FiIes\I]AM\qamﬁBal[I]].wav

©Copyright Monteria, LLC
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19.9.4 QAM-1024

19.9.4.1 Determining Symbol Rate, Carrier and initial N-ary
ZEx Two windows
=% created from the
source file.

Centurion Offline Analyzer [15 may 2007] - [E
o File Windows  Help

MinF [0 ‘ MaxF [4800 ‘ Autol [~

Filter [Kaiser, b=8 -|

shift [Size =] | 1Type [-50 b 5]

‘FFTSize 1024 0

u window indicates
symbol rate of
2400.

ISR S B2 = = = e e T 5 S e

arate = 9600 | BitPerSample = 16 |
# start| | B2 Paint Shop Pra__|[%F Centurion OFf... « 5@ Gy 19:10

- =] x|
=l8x|

MinF [0 ‘ MaxF [4800 ‘ Autol [~ |

o File Windows  Help

Filter [Kaiser, b=8 -|

‘FFTSizelH]Z-l =] | shift [Size d||TypE|'5Udbd

q window indicates
carrier  frequency,
and initial n-ary.

<
ETE] <edfison (3| x|+ 3| ContwolFF  SE-SEIT
Fl = -3882 Fu=-3882 [dF=0 Tar —onnnnnnnnn [Specd G ~ [ = 00:00.106

| SamplingR ate = 9600 | BitPerSample = 16 |
# start| | B8 Paint Shop Pra ... |[5F Centurion OFf... s « 5@ Gy 1911

|12 = 00:00.106
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19.9.4.2 Determining n-ary

o Y

, gt
AoV 7@

.| Savehs

6.6073
1800 CarmierT one

[2400" | BaudRate I Writeld
m n-Psk
[ SyncSensitivity W PLLslow |[«[ [ ] Dely 0.000 Clear
% NonS u s v | [ 2] Time of life 1

¥ use RRC fiter [ Life B § = e

« 1 ~los | LoadFile

F =2343.75 Fu =19434 | dF = 10.55 |E:\I3I]A\Files\l]AM\lesl1 024(0).wav
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19.9.5 Notes on QAM

19.9.5.1 QAM constellations.

‘True’ QAM (16QAM) V29 modem

Note the symbols lying within the crosshairs in ‘true’ QAM and compare this with the V29
modem constellation.

19.9.5.2 Ghost lines.
Refer to Section 19.9.2.2.

In QAM signals, especially if not of high quality one will see in S(t)*4 the carrier without adjacent
lines developing. If the QAM signal is of high quality only 16QAM will have clear lines
developing.

For 32QAM, 64QAM, 128QAM etc., the adjacent lines in S(t)*4 are an exception and not
correct; they are ordinarily not visible.

19.9.5.3 n-PSK in the Phase Viewer

For all QAM signals, this value must be 4.
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19.9.5.4 QAM on HF, VHF, etc.

QAM is very sensitive to distortion and practical usage on HF does not exceed 32QAM.

However Mil-Std 188-110B, and it's derivatives STANAG 4438 and STANAG 4539, together
with some other proprietary modems from Rockwell-Collins, Harris and other Laboratories and
research firms have all had 64QAM up to 57-64 kbps on air on HF. Though 64QAM has been
tested on long-haul paths in excellent propagation conditions, most are used in short-haul,
point-point circuits and as such the low (barely audible) noise field will be missed by most
monitors due to equipment and experience limitations.

What constitutes a High Data Rate (HDR) system? One where the carrier/symbol rate ratio is
<=1.2.
eg 1800Hz/2400 symbols/sec = 0.75 is considered an HDR system.

OFDM (*eg Non-HDR) single channel systems may use either 32QAM * 32 tone, or greater.
Typical carrier/symbol rate for one OFDM channel is 10-15, and higher. Maybe "HDR" is not an
appropriate term since it is really baud rate and data/symbol rates one deals with.

32QAM and higher order modulations using a single carrier ordinarily are seen in wireline,
optical carriers (WDM etc) and VHF and higher applications.
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19.9.5.5 Distortion/slanting.

Before assessing distortion/slanting we must consider the ideal signal.

N ~l=lx|| Having prepared
|FF15ize|1uz4 || | shift [Sizes2 =] | IType [- 50 db =] | Filter [Kaiser. b=8 =] | MinF [0 |MaxF|4Hl]l] |AuloL|_| and delineated the
source window o
note that the noise
field is of even
density.

T [ —HC DT R Er I

[F=147 [ Fu=3575 dF =3428 | dT - 00:03.466.666 | Speed = 0.29 [0 -00:06.773 [©2-00:10240

.

Call the viewer.

After LoadFile and
setting the
horizontal and
vertical sliders set
N=1.

E:“COA\Files\QAM'\gam_6(0).wav

T P
. f“\"l |"h| I ‘nun"‘ ﬁ" i fL.‘ Iy
{‘kﬁ JEHY IM Wy ||“I

[ |
F@®) | Besk | )

1y smvotel moss |||y ol afal 4 gl ly| NOte  the  signal
2 amplitude-
100 | CaierTane A frequency profile in

J2400 Bkt I~ wiiteln — the window.
Ivi Syncs;nsir:i::: FPlsow LT 3 Deley 0.000 ] It is symmetrical
:Z :::SHI:E filter :; fi‘f‘:‘maw E—_Ij Time of ife 1 abOUt the . red
| | e | | RAMAMARA | \m)| Marker indicating

F = 2625 Fu=94.34 | dF = 10.55 |E:\CDA\FiIes\I]AM\qam_l;*l[l]].wav gOOd q ua I ity'

' FiE: "‘-‘,COA"‘-‘,FiIe5""..QAI\-"I""-‘,qamf64(0).wav Set N=2.
!
i The profile
. continues to be
o #/ M | . .
ﬁu...,w.«.a\,; el '"‘“‘"'w-""-""'*'wu'\\ symmetrical and will
F | Bk | also on N=4
A
Y L | meset | oy g g gl gl | (S(E)4). _
2l Refer Section
1800 CarrierTone A58 19.9.3.2
IZ-!I]I] BaudRate I wiiteld
[+ ] npsk (e
[ SyncSensitivip [~ PlLslow | [\ T | Delay 0.000 -
I MonStop [ Summary | [} Timeynf life 1 LI
I useRRC fiter W Life B &= Eleemn
o Loodic |
F - 2625 Fu-9434  |dF-1055  |[E:\COANFiles\OAM\gam_64(0) way
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Turning now to a signal affected by distortion.

=10l x|

| MaxF [5512 | Autol [ |

E:"COA'\Files'QaM \gam_16(0).wav
‘FFTSizevI Shiit [Size =] [ 1Type |- 50 db <]

Filter [Kaiser. b=8 |-| | MinF [0

QIEI 2 ME EHES #H ol @ pd[T02s

[F1=63 [ Fu=3738 dF = 3675 | dT = 00:09.267.981 | Speed = 0.11 [0 =00:12817 [2-00:22105

¥ 1E:COA \Files\QAM\gam_16(0).wav
Auto
~ (B] Break
.| Savefs Re“l..v--.-.v---v
10
11.8571
1800 CarrierTone
2400 BaudRate I Writel
1 <] nPsk Fo!
[¥ SpncSensitivity [ PLL slow : +| Delay 0.000 Clear
7 MonStop [/ Summary | 7 ] fime of life 1
" use RAC filter [ Life LI I 3 Conbast40
z | ] 2Jos T LoadFile
F - 6537.3 Fu=108.33 [dF-1211 |E:\CDA\Files\DAM\gam_16(0). wav
[l AE:\COA\Files\QAMYgam_16(0).wav = ol x|

6.9907
1800 CariierTone
IZ!I]I] BaudRate [ wiiteld
|4 -| nPsk Sel
¥ SyncSensitivity [~ PlLslow | [([ [ ] Delap 0.000 Clear_|
[ MNonStap [ Summary | [ Time of lite 1
i . Lif
" use RRC filter ¥ Life B W e
= . | Hos | LoadFils |

F = 6537.3 Fu = 108.33 | dF =12.11 |E:\EﬂA\FiIe:\QAM\qamﬁ1 G[D).wav

This indicates non-linear Amplitude-Frequency distortion.
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Note in the source
window there is not

an even level
across the noise
field. It tends here

to be stronger at
the higher
frequencies.

In the Viewer at
N=1 and

at N=2 the profile is

no longer
symmetrical with
pronounced, and
unbalanced slants n
being seen.

In keeping with the

indications in the
source window
these two viewer

images show a bias
to a stronger signal
on the higher
frequencies.
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19.9.5.6 RRC (Root-Raised Cosine) filtering.

RRC filtering is always used on the transmitter when an optimized (bandwidth and filling of
spectrum) form of signal is required. Ordinarily this would be an HDR system with a single
carrier; but not always.

Easy to implement for a standard phone channel (BW= ~3000Hz). Not possible is the
PSK(QAM) with a symbol rate of 2400 without RRC which needs a bandwidth of 4800Hz
(2400*2).

RRC solves this problem. If RRC used the bandwidth is typically 2800-2900Hz for the same
2400 symbol/sec signal. The theoretical limit = symbol rate.

This can be shown graphically in the two following sets of images. The signal is a PSK-4 with
1800Hz carrier and symbol rate of 600.

FCortrion O Anycer {15 oy 2007) ~ EA\COA s\ QM k(0] S ElCotricn ol A 12 iz
[ b e e i8]l alfix
Wrisun[10 2] | St [rrmrr 2] |thppe BTN 2] | e[ v o] M B | et [ |t ..._r—_| -p::l:] | o 2] 1

]

o o A PR S T R AN Y e
M [minmawna | t B0 LI TR M gﬂ IW . %20 L1 T
No RRC. Bandwidth ~1200Hz. With RRC. Bandwidth ~800Hz. This is very

near to the theoretical limit of 600Hz.

P 1E:\COA | Flles\DAM\rrc_not{0).wav 1ol x] [LIE:\COA Files\ QAM \rre_yes(0).waw D =T 7|
Mt [ et iz Scale [0 -

Wt B | e | s []

o] .

749 Camiemlons [22e8 Carior T omer
00 Maitate T [180 " Buftan I~ Winel
| EB— CEE | e
& SpSenstivity [ PLslow ]| ] Delay 0000 Can ¥ SyneSesabeity [ Pllules | 4] | =] Dskay m0B0 e
e i |8 L — 4l s —
e e use B n

A e | ) — | e |2 =] ot 0 -

A=117188 | Fu=242810 | dF = 125625 [ermzm [fu-znzs  [@-wme |

Without RRC (on Left) poor use is made of frequency spectrum. With RRC (on right) better use
is made of the spectrum and moreover the signal is much more compact.
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RRC is only one method. The RFSM-2400 (Russian radio amateur) employs an LPF shaping
filter.

However RRC is highly desirable for optimization. It is used for optimization of signal bandwidth
by minimizing ISl in a channel.

For a full positive effect RRC should be implemented on both the transmitter and the receiver.

Phase Viewers tend to have RRC ON permanently with an fixed a (Alpha) of 0.5; but this need
not be so.

In general if the program uses an adaptive ISI-ISD corrector RRC may then or not be needed
but this requires prior information relating to the signal (carrier, symbol rate, modulation type,
etc).

For analysis RRC needs to be optional and the alpha variable. In reality the RRC filter helps in
achieving ideal QAM signals.
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19.10 Analyzing multi-mode bursts.

These generally have a header/preamble before the traffic section. Each part must be analyzed

separately. This example outlines the approach.

E]E:"'-..,COA"'-..,FiIes"'«,,?550 USB PRC 19-tone II(0).wav
Shift [Size =] | IType |- 50 db || | Filter |Kaiser, b=8 x|

=l

| MavF [5572 | Autol [~ ‘

MinF [0

‘ FFTSize ll]24 vl

o]
SN X DIF e # e i@ pd[T025

[F1 =168 [ Fu=2636 dF = 2468 | dT - 00:14.767.891 | Speed - 0.07 [t1 =00:18.761 [2-00:33529
19.10.1 Analyze the header/preamble.

E]E:"'-..,COA"'-‘,.FiIes"'-..,7550 USB PRC 19-tone II(0).wav oy =]
‘ FETSize [{[V2ME -] | Shift [Size =] | 1Type |- 50 db =] | Filter [Kaiser, b=8 ] | MinF [0 | MaxF [5512 | Autol [~ |

alas 2 ME EHES & b m @ pdfi1026
[Fr=168 [Fu=2478 dF =2310 [ dT - 00:01.857.596 [Speed -054 [t —0677.1

[2-0019.000

| MaxF [5512 | AutoL [~ ‘

FIE\COA\Files\ 7550 USB PRC 19-tone I1(0)(c2).wav
‘FFTSizelZSB 1=l | shift [Size/16 [=| | 1Type |- 50 db |=| | Filter [Kaiser, b=8 |

MinF [0

SV 5 a5 = 7 > = | R

[F1=2615 [ Fu=2615 dF =0 | dT = 00:00.635.646 | Speed = 1.57 [0l =00:00.731 [©2-00:01.367

 _lo|x]

‘ Autol [~ |

| FFTSize 256 ||

Shift [Size/16 =] | IType [- 50 db -] | Filter [Kaiser. b-8 ]

MinF [0 | MaxF [5512

al
= 2= 2 mE A s e w1l @  rfii0z5
[F1=2615 [ Fu=2615 dF =0 I"dT = 00:00.346.848 eed = 2.88 [t =00:00.71 [w2-o00:01.078

With the ramped tones delineated call the\:{gh ResolutionModule.
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Load and prepare
the signal. Signal
has regular length
bursts with short
MFSK
header/preamble
and 14.77 Sec
ODFM traffic burst.

Delineate the
header/preamble

section and create

a copy for working.

Reduce the
FFTSize to improve
clarity. The header
section consists of
two parts 636 mS in
total.

The first section
(347mS) consists of
four tones stepping
in sequences then
repeating. After 10
ramps there is a
single ramp through
8 tones.
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E:"‘-.‘,COA"‘-.‘,FiIeS"".,?SSO USB PRC 19-tone IT(0)(c2).wawv

=10l x|

!MinF 0 | MauF [2463 | Scate ML
i

(1]

[2615 CariesTone
|1[II] BaudRate ™ whitelQ
B | nPsk o
I~ SyncSensitivity [~ PLL slow +| Delay 0.000 Clear
I MonStop Il [ ] | Time of life 0.5
i Lif
I use RRC fiter [ Life DR
- . dos | LoadFile
|Fi-670.16  [Fu-2768.86 [dF -15987 |
-o] x|
| MaxF [5512 ‘ AutoL [~ |

| FI = 753 [ Fu=2615

dF = 2382

[dT = 00-00. 339 591 | Speed 294

/

[FiE:\ COA'\Files', 7550 USB PRC 19-tone II(0)(

‘FFTSiz || Shift |Size/16 =] ||T_vpe -50 db = T Fi iser. b=

=10 x|

| MaxF [5512 | Autol - |

o]

[tez=00.02472

U0 | — R I D RINT- B 1= AT T B S L

[ Fu = 2583 dF =0 [ dT = 00:02.467.120™{ Speed = 0.41 [ 't1 = 00:00.005

[ F1=2583

[ 1E: . CoA Files\ 7550 USB PRC 19-tone II(0)(c2)(um3). © _iolx

MinF [0 | MaxF [E16 | Scate [1n 7] |
‘
0
1434 CarrierTone
BaudRate I wiiteln
n-Psk
I_ SyncSensitivity [ PLL slow >| Delay 0.000 Cloar
I” HonStop ™ Summary | 7T ] Time of life 0.5
I Lif
B s GFEmE M L [ 0  Zlconvast4n
. Hos | ————
——— A

LoadFile

FI=112.37 Fu-577.31 |dF-464.94 |
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The four tones can
be measured (670
893 1116 1339 Hz)

using the vertical
markers. The tone
separation is 223
Hz.

Return to the parent
working window
and delineate with
vertical and
horizontal markers.
Call the Modified

Quadrature
Amplitude Detection
module.

In the um results

window  delineate
with vertical
markers and call
High Resolution
Module.

Align FI marker with
longest spike to
obtain the baudrate
(112 bd) of this
section.



=0l x|

‘ FFTSize | -]

Shift [Size/8 ||

IType |- 50 db ||

Filter |Kaiser. b=8 |-| | MinF [0

| Maaf [5512 | Autol T |

@@E 2 D[] L) 1ed o ggﬂﬂ@@ 2[1T025
peed = 4.66

[ dT = 00:00.214.784

[FI=2615 [ Fu = 2615

dF =0

[ 1 = 00:00.780

[e2=-0000995

¥ 3E:\COA \Files\ 7550 USB PRC 19-tone IL(0)(c2).wav

Scale I - ‘

MinF [0 | MaF [2463

=10] %]

o

[1434 CarrierTone
[100 Barditate I witel
B | nPsk Gol
™ SyncSensitivity [ PLL slow +] Delay 0.000 Clear
™ HonStop [ Summary | 577 /| Time of life 0.5
I” useRRC fiter [ Life D BE e | (5
| ——— 4 [T = 2los LoadFile
[Fr-2007.79  Fu-2387.28 [dF-379.49 |
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The next second is
a single tone lasting
215mS. Delineate
and call the High
Resolution module.

Align the FI marker

with this tone to
measure 2008Hz.
If this tone is not

seen initially adjust
Scale (now at 4/1)
until it appears.



~lolx|| Delineate the third
MinF [0 | MaxF [5512 |AuloL|_| (MFSK) preamble
section. It occupies
577.6 mS. Call
High Resolution
module.

‘ FFTSize | .[

Filter [Kaiser. b=8 ||

IType |- 50 db -]

Shift |Sizes8 =]

z — Bl
e o o =T 1 > - | T
[F1=2615 [ Fu = 2615 dF -0 [ dT - 00:00.577.596 | Speed = 1.73 [t1 -00.00995 [e2-00:01573
¥ icenturion Offline Anal [26 april 2007] - [E:\COA\Files' 7550 == x] HS
n 5 H nalyzer apri Hnes RETE M.aX|m|Z|n.g . the
‘FFTSizelm | shift [Sizes =] | IType [-50 db ] | Filter [Kaiser. b=8 [=] | MinF [0 | MaxF [8512 " | AutoL [~ | window will improve
presentation if
necessary.
] |
e 2 DIE| LI e] % |l o | @® 025 B
[FI=2704 [Fu=2704 [dF=0 | dT = 00:00577.596 | Speed=1.73 |1l = 00:00.995 |2 = DD.01.573
[ SamplingRate = 11025 | BitPerSample = 16 |
# start| | B8 Paint Shop Pra ... |[5F Centurion OFf... A «EBR ]2 8 13.05
[ 1E:\COA\Files', 7550 USB PRC 19-tone II(0)(c2).wav l o i |n thlS SeCtion elght

tones can be
measured (670 893
1116 1339 1562
1785 2008 2231)
using the vertical
markers. The tone
<l separation is again

MinF [0 | MaxF [2263 | Scale - |

IT CarriesT one ! 223HZ.
[t1oo | BaudRate I Witel
[z =] nPsk EE
I~ SyncSensitiviy [ PlLslow |[([ [ ] Delay 0.000 Clear
[~ HonStop [ Summary | 77 ] Time of life 0.5
I~ use RRC fiter [ Life O w . Dot
= |CHER w0 | — — LoadFile

Fl = 670.16 Fu=2231.18 |dF =1561.02 |
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FiE:\COA\Files\ 7550 USB PRC 19-tone II{0)(c1).wav

_loj x|

‘ FFTSize | .[

Shift |Sizes8 =]

IType |- 50 db -]

Filter [Kaiser. b=8 ||

HinF [0

| MasF [5512 | Autol [~ |

‘; iy o WY i
vrererrart! PNt foie

@@E 2 mE L s ﬂﬂﬁsﬂ,,?:%g) R[11025

[ dT - 00:00.577.596

[F1=2615 [ Fu = 2615 dF -0

[ ‘1 = 00:00.995

[e-0001573

[ iE:\COA\Files, 7550 USB PRC 19-tone II(0)(c2)(umd

I=1FY

Shift [Size/16 «|

‘ FFTSize -]

IType |- 50 db =]

Filter |Kaiser. b=8 || | MinF [0

| Maf [5512 | Autol T |

EIN| T ; .
e~ —— 0 o == J!ng
[Fr=11 [Fu=2636 [dF=2625 |[dT = 00:00.586.303 {Speed = 1.71

w@  efiom

[ 't1 = 00:01.428

[ =000214

\COA\Files\ 7550 USB PRC 19-tone II(0)(c2)(um).wav

MinF [0 | MaxF [E16 | Scate [1n -] |

=10 x|

0
13235 | CanierTone
100 BaudRate I wiiteld
2 -] nPsk Gol
™ SyncSensitivity [ PLL slow | | Delay 0.000 Clear
[~ HonStop " Summay | (7 }] Time of ife 0.5
i Lif
W oG RRE (M M T 2l Contrastdo
o -
= tlo.s LoadFile
Fl=111.63 Fu=54905 |dF=437.35 |
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Again return to the

parent working

window and
delineate. Call

Modified

Quadrature

Amplitude Detection
module.

In the um results
window delineate
and call High
Resolution module.

Align FI marker with
longest spike to
obtain the baud rate
(again 112 bd) of
this section.
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19.10.2 Analyze the OFDM traffic section.

19.10.2.1 Determine tone structure.

¥ 1E:\COA\Files!, 7550 USB PRC 19-tone II(0)(c1).wa -lolx|| Extract and copy a
Sizo/d D | MarF[5512 | AutoL ‘ section of OFDM.

‘ FFTSize [1024

5@@1% b2 i S Y = g > | 7

[ 'F1 = 2583 [ Fu = 2583 dF =10 [ dT = D0:00.000.000 | Speed = 0 [t1 =o0-00.023 [2=-00:00023
EiCenturion Offline Analyzer [26 april 2007] - [E:\COA\Files', 7550 US - =] x|

£ File Windows Help =lEx] H H
‘FFTSizelWZ-‘ =] | shin | 1Type [-50 b =]/ Fiter [kaiser. -6 [=] | MinF [0 | ManF [5512 | Autol I | M_aXImlze the
window for more

clarity.

From this is seen
19 modulated
channels lying

between
approximately 438
Hz and 2463 Hz.
Note also a lower
unmodulated  pilot
tone.

Delineate a section
and call the High
Resolution module.

7)1 = | — 1 |01 = =11 _nxQ winig  efion G
[Fil-438  [Fu-2463 [dF-2025 |dT - 00:02.414.875 Speed - 0.41 | -00:07.709 |2 - 00:10.123

| SamplingRate = 11025 | BitPerSample = 16 |

#/start |[F centurion Off... ERPaint Shop Pro .. |1, «[JB Gy 18:27

B E:\COA\Files' 7550 USB PRC 19-tane IT(0)(c1).wav ] 15| Adjust Scale to
Mk [0 | Mo 125 (seae O] show all tones. The
pilot tone is
measured using the
FI marker to show

334Hz. 19

modulated channels

are seen. From
[4505 | CamerTone ’ ~457 to ~2454 Hz.
R - wiein | Approx tone
e A e ——— e | separation is 2454-
o (ommmm— 457/19-1 =111 Hz.
CEmem memmr] | - Loadrie

|r| -333.73 Fu = 4763.79 \dr 443005 |
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19.10.2.2 Determine Symbol Rate

FiCenturion Offline Analyzer [26 april 2007] - [E:\COA\Files', - =] x|
£ File Windows Help o =1

‘FFTSize 1024 |- ‘Shill E ||Type|'5ﬂ db -] ‘FiltellKaisel, b=8 =] | MinF [0 ‘ MaxF [5512 ‘ Autol ™ |

Delineate 2 or 3
channels with the
horizontal marks.
Call Filter.

. |
BIERE ) el Sl me i
Fl=2178 Fu = 2539 dF = 361 d X N0.000 | Speed=0 t1 = 00:00.023 12 = 00:00.023

[ SamplingRate = 11025 | BitPesSample = 1

# start| | B8 Paint Shop Pra ... |[5F Centurion OFf... « M (JE 8y 19:45

[Eicenturion Offline Anal [26 april 2007] - [E:\COA\Files\, NEE ;
g n 5 H nalyzer apri iles 150x] With . (three)
‘FFTSize [IEZN] | shift [sizess =] | 1Tyme [-50 ab =] | Fitter [Kaiser. b8 || MinF [0°" " | MaxF [5512 | autoL [~ | channels isolated
call the Modified
Quadrature

Amplitude Detection
module.

QLR 3 (] L #snfe) s

Fl = 4991 [Fu=2901 [dF-0 | dT = 00:00.000.000 [Speed =0 —{ |1 - 00:00023 |2 - 00:00.023
| SamplingRate = 11025 | BitPerSample = 16 |

4 5tart| | B2 Paint Shop Pro ... |[%F Centurion OFf... « 2 JBQ 1245

©Copyright Monteria, LLC 111 o |



N7 MONTERIA

[¥3E:\COA'Files', 7550 USB PRC 19-tone II(0)(c1)(f

_loj x|

HinF [0

‘FFTSize|1l]24 \=| | shift [Sizes4 || | 1Type [AZHTH -| | Filter [Kaiser, b=8 -]

| MasF [5512 | Autol [~ |

4 ;I
e 2 DE] 0L ] )l e o] @ |[T1025

[ FI = 4893 [ Fu = 4893 dF -0 [ dT = 00:06.222.947 {$§peed = 0.16 [t1 =00.00.441 [ -00:06664
FiE:\COA\Files\ 7550 USB PRC 19-tone II(0)(c1)(f1)(um1).wa I s

MinF [0 | MaxF [E16 | Scale 11 ]|

(1]

4893 CariesTone
100 BaudRate -
™ ‘writelQ

[~ SyncSensitivity [ PlLslow | [«[ | | Delay 0.000 Clear

I~ NonStop [ Summary | (77 ] Time of life 0.5

[~ use RRC filter [ Life R T e

= . Hos |\ ——— LoadFile

Fl=44.41 Fu=58538 |dF-540.97 |
©Copyright Monteria, LLC 112

Delineate section in
um results window
and call the High
Resolution module.

Align the FI marker
with the longest
spike to measure
the symbol rate
(44.4 symbols/sec).
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19.10.2.3 Determine key channel frequencies and modulation.
FiCenturion Offline Analyzer [26 april 2007] - [E:\COA\Fi ==l |solate (f||ter) the
o File Windows Help =B x|
‘FFTSizem | shin [[1Type [ 50 db =] | Fites [Kaiser. =g =] | MinF CEEEIN | MexF ESZEN | Autol — | lowest channel

using the horizontal
markers. Call the
Involutions module
(X").

4 5 = = = S = e = [ ISP
[FI=383 [Fu=510 [dF=121 | dT = 00:13.374.693 d = 0.07 | =00:00.185 |12 = 00:13.560

[ SamplingRate = 11025 | BitPerSample = 16 |

#/8tart| | B2 Paint Shop Pro ... [[5 Centurion OFf... A

« .M Ja 9 1542

Centurion Offline Analyzer [26 april 2007] - [E:\COA\Fi - = x| H
« File Windows Help IE| In the q Wi ndOW
‘ FFTSize [TTEML] | Shift [sizers =] | ype [- 50 db =] | Fitter [Kaiser. b-6 =] | MinF EEENN | Mexr ETECHN | Autol —| adeSt Zooming

(and possibly
increase FFTSize)
to display the
symbol rate line and
it's adjacent lines. If
not seen test for n-
ary values 2, 4, 8,
16 (in this case 8).
Check Control and
adjust the control
line value to align
with  symbol line
(center of trio).
Click X" after each
change.

Channel value is
L 446Hz.

S <«dlas 2| xl<|[s 2| ContolF  SE-SHT

=238 [Fu=-226  [dF =464 [ dT = 00:14.117.732 | Speed = 0.07 [t1=00:00.092 [t -00:14.210
| SamplingRate = 11025 | BitPerSample = 16 |
i Start| | B2 Paint Shop Pro ... |[%F Centurion OFf... « LA JD Gy 15:48
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el i
3 Pl widows elp = Isolate (filter) the

‘FFTSizeISH}Z =] | shit [sizoz4 =] | 7ype [AEERTN ] | Filter [Kaiser. b8 [<] | MinF | Maxr ECEEIN | Auol T | top channel and
repeat the exercise.

. i
alz® 2 DIE HE f | @ pliT0Z5 [l
2366 Fu=2533 | dF =173 dT = 00:13.746. . t = 00:00.185 |12 = 00:13.931
[ samplingRate = 11025 [ BitPerSample = 16 |
2start| | B Paint shop Pro [ % Centurion OFf... h « 22 J& Ry 15:35

Centurion Offline Analyzer [26 april 2007] - [E:\COA\ - = x|
o File Windows Help =l&1xl
‘FFTSizelHH}Z =] | shitt [sizez+ =] | rrype [- 50 db =] | Fitter [Kaiser. b-6 [=] | MinF | Maxr ETECIN | Autol T —|

Again the phase

S <[z »|E] xl<l[s 2| ContolF  SE-SHT

% system is 8-ary and
[Fl=a52  [Fu-152  [dF-304  |dT - 00:13560.453 | Speed = 0.07 [t =00:00185 |2 - 00:13.746 the Channel
| SamplingRate = 11025 | BitPerSample = 16 | .

= frequency is
i Start| | B2 Paint Shop Pro ... |[%F Centurion OFf... s « LW JD Gy 15:30
2455Hz.

With the outer tones accurately measured the tone separation is therefore
2455-446/19-1 = 112Hz.
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19.10.2.4 Display constellation.

Centurion Offline Analyzer [26 april 2007] - [E - =] x|
ok File \Windows  Help - & x|
‘FFTSize - ift [$ize ‘ MaxF [5512 ‘ Autol [~ |

Isolate (filter) the
best channel.

SI@BI b i ol g pdOS )

Fi = 1949 Fu=2073 |dF=124 : 0_| Speed =0 11 = 00:00.000 | 12 = 00:00.000

[ SamplingRate = 11025 | BitPerSample = 16 |

# start| | B8 Paint Shop Pra ... |[5F Centurion OFf... «<BR ]2 9 1550
- =] x|

£ File Windows Help =]

ift [Size

| MaF (5512 | Auol |

‘FFTSize 1024 0

Delineate a section
B B R (e.g. one burst

| length) and copy to
a new working
window.

SR 2 B LI el ] e o] ] ] &) _=I 1025
[Fi=4991  [Fu=4991 [dF=0 | dT - 00:15.232.290 | Speed =0.07

[ SamplingRate = 11025 | BitPerSample = 16 |

# start| | B8 Paint Shop Pra ... |[5F Centurion OFf... « M J@ &y 15:50
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Centurion Offline Analyzer [26 april 2007] - [E:\COA\ =
& File Windows He\p _181x]

[size [Kaiser. b-8 [=] | MinF [0 | MasF 8512 | Auol I |

_.I 15 <] <<|[2008 >3] LI m >|  Conmtol”  SE=SWIT
[FI=1822 [Fu=-1612 [dF=3440 [ dT - 00:00°060800 \ Speed = 0 [t1=00:00.371 |2 = 00:00.371
[ famplingRate = 11025 [ BitPerSample = 16 |

:#'Start| J %Paint Shop Pro ... | o Centurion Off...

Call the Involutions
module (X").

-l

«ENJ2 8y 1552

Ficenturion Offline Analyzer [26 april 2007] - [E:\COA == x|
3 Fle_widowselp sy Determine the

it EXTERN | oxr EEE | Autal ™ | channel frequency

and n-ary as before.
In this case
2009Hz and 8-ary.

S <<dfzoos »|E] xl<|[s 2| ContolF  SE-SHT

=312 [Fu=-226 dF =538 [ dT = 00:00.000.000 | Speed =0 [t1=00:00.185 [t2 - 00:00.185
| SamplingRate = 11025 | BitPerSample = 16 |

#/Start| | B Paint Snop Pro ... [ Centuripn OFf... «ERJP G 1557
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=El% Return to parent
o File windows Help TS| .
‘ FFTSize [TITM 5] | shift [size =] | 1Type [-50 b =] | Filter[Kaisor. b-8 [<] | MinF [0 | MaaF [5512 | | Autol [~ —| COpy and delineate.

Call Phase Viewer.

4 y »
=l
Ve — e D = )= - el o
Fl 3 ‘ Fu = 2303 dF = 590 | dT = 03.809 | Speed t1 = 00:00.371 12 = 00:15.975

[ SamplingRate = 11025 [ BitPerSample = 16 |

4/Start| | BE Paint Shop Pro ... [ Centurion OFf... Le «ENJ2 9y 1557

[E1E:\COAFiles}7550 USB PRC 19-tone TI(0)(F

MinF [0 | Max [4525 | scate [T |

=lcixll Adjust Scale until
channel spike
appears. This
confirms by aligning
vertical marker FI
that the channel
frequency is 2008.

&

(2006 | Caniertane : Enter values (as
= fei s I wiitela integers)  already
i R o - determined for
[ MonStop  [/Summayy | [T ] Time of lie0.5 Carrier Tone,

[~ use RAC fiter [ Life  u_ EL S
B oy I — ymbol rate and n-

lFI =2007.79 [Fu=477455 |dF =2766.77 | PS K.

& =lglxl  Click LoadFile,

MinF [0 | Maxr [4525 | scale [an 5] |

select file and click
OK.

[ iselect file for Pha x|

E-ACOANFiles\7550 USB PRC 13-tone N[0)[c1][f1).wav
E-A\COANFilesh 7650 USB PRC 19-tone HI0)[c11[f11[c2]. wav

2008 Can
l—
l' SyncSensitivi

™ HonStop
I~ use RAC filte

- ‘ I]% ’ Cancel

FI=2007.79 |Fu=3337.3% |dF=132955 | -
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Auto
| I (B] Break

E| Savehs Reset E|E]

||

L

I~ whitelll

< +| Delay 0.000

| 1 _+| Time of life 0.5
: *| Contrast 40

I__l‘_

| F = 3558.39 ‘ Fu = 3337.34 | dF = 1329.55 |E:\I3I]A\Files\?55l] USB PRC 19-tone 11(0)(c1)(F1)(c2).wav

F1E:\COA\Files', 7550 USB PRC 19-tone II{0){c1){

2008.41 CarrierTone
44 66 BaudRate
8 =| n-Psk

[~ SyncSensitivity [ PLL slow

L

a

I~ wiitel@

[¥ MonStop s

[ use RRC filter [ Life Q

: >I 0.5

‘ F = 3558.39 | Fu = 3337.34 | dF = 1329.55 ‘E:\EDA\FiIes\?EEU USB PRC 19-tone H[0)(c1)(1)[c2).wa¥

F1E:\COAFiles', 7550 USB PRC 19-tone IL{0){c1)(

2008.4 CarrierT one

44.66 BaudRate
—a

[~ SpncSensitivity [ PLL slow
[¥ MonStop I~ Summary
[~ use RRCfiter [~ Life

. 05

(1]

[~ writelQ

. +| Delay 0.000
: :I Time of life 1
: ’I Contrast 8
———

F = 3558.39 Fu =3337.34 ‘ dF = 1329.55 |E:\CDA\FiIes\755I] USE PRC 19-tone N{0)(c1)(F1)(c2).wav

Select NonStop,
Life and Go!

The Carrier Tone
and Symbol Rate
adjust to finer
values, but the
constellation is very
small.

Increase the Phase
Scale slider to
increase the
amplitude
(diameter)
(Application  must
be running).
Try changing Time
of Life and contrast
but it may be found
that the
constellation is still
appears disjointed.

Alternatively un-
check Life and
reduce Contrast.
The constellation
will build over time.
The constellation
confirms an 8-ary
system in this case.

With 19 channels, 8-PSK (3 bits per symbol) and a symbol rate of 44.66 the maximum bit rate
19* 3 * 44.66 bps = 2545 bps.

for the system is

©Copyright Monteria, LLC
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19.10.3

E]E:"'-..,COA"'-..,FiIes"'-..,?550 USB PRC 19-tone II(0)(c1)(f1)(cl).wav oy =] 5
‘FFTSizeI -] | Shift [Sizes4 -] | IType |- 50 db =]

MultiMode Burst Example results.

Filter [Kaiser. b-8 -] | MinF [0 | MaxF[5512 | AutoL ™ |

‘ : 2

Header 636mS in total

Section 1 347mS Four tones ramping in sequence (low->high) ten times.
670/893/116/1339Hz. Tone separation 223Hz. Baud rate 112 bd.

Section 2 74mS Eight tones ramping in sequence, 670-2231Hz. tone separation
223Hz.

Section 3 215mS Single tone of 2008Hz.

Preamble 577 mS 8 tones, MFSK 670-2231Hz. Tone separation 223Hz. Baud rate
112 bd.
Signal bandwidth 1561Hz.

Traffic 14.77 Seconds

Unmodulated pilot tone 334Hz

19 OFDM channels 446 - 2455Hz

Channel separation 112Hz

Modulation 8-ary PSK

Symbol rate 44.66 symbols/sec

Signal bandwidth 2121Hz (2455-334)

With 19 channels, each 8-PSK (3bits/symbol), and symbol rate of 44.66 then

maximum bit rate

19* 3 *44.66
2545 bps
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19.11 Analysis considerations

19.11.1 Introduction

The foregone sections deal with the basics of analysis using COA. However as in all walks of
life things are never straight-forward. This Section discusses a number of variants.
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19.11.2 Quality considerations

19.11.2.1 Signal and noise.

The first stage in analysis is to assess the sample quality to ensure a sound basis for that
analysis. Samples with poor quality should be rejected as not fit for purpose.

How to differentiate? Call the WaveForm Viewer

D:\Mon_a\M_alunkWul Augh16222(0).wav
FFTSize [iEY% ~| | Shift [Size  ~| IType |-50db ~| | Filter |Kaiser, b=8 = | | MinF |0 MaxF |8000 AutoL [~

B
B x BIE LI el g @ pdieom )

Fl = 3623 Fu = 3623 dF =0 dT = 00:00.000.000 | Speed =0 1 = 00:00.064 t2 = 00:00_064
£3D:Won_aw ugMe2O)wer | - [B]X]]
LPF |50 - 0 Hz

mnvl‘ Pl i L A P

3

3%

]

paiha =

dT = 00:00.000.000 /Speed =0 1 = 18:00.041 t2 = 18:00.041

This is a poor record. It has ambient noise wit7/a level virtually equal to that of the signal. The
signal itself has a hard restriction ie it is clipped. This signal is not fit for purpose in an analysis.
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E'.J A i D:Won_a\M_atunk\lul_Aughf{0).wav
FFTSize [1024 ~| | Shift [Size/4 ~| | IType [-50db ~|

i} LPF [50

Link-11 long

2
EEG pn | - T 3| PN

Fl-2495  |Fu=249 |dF-0 dT = 00:00.000. dT - 00:00.000.000 | Speed = 0 tl = 02:00.257 | 12 = 02:00.257

£ s . [E[X]

FFTSize [1024 ~| | Shift [Size/8 ~| IType |-50db ~| LPF 50 ~| 0 Hz

Link 11 short

B0 X B L8 el 5 23

Fl = 1804 Fu = 1804 dF =0 dT = 00:00.000.¢ dT = 00:00.000.000 Speed =0 t = 46:52.444 t2 = 46:52 444
In the further examples above
1. This is a good sample with a good signal-noise ratio, but
2. is poor having a lower SNR with a very noisy spectrum background. Not suitable for
analysis.

Likewise in this 32-tone MFSK the sample is poor.

a NER|

FFTSize [1024 | | Shift |Size/4 ~| | IType |-50 db _~| | Filter |[Kaiser. b=8 v | | MinF |0 MaxF 4000 Autol [~

-%’ Lo T
S o T

4 L]
|| -
22 x DI LIL e & ]l A i@ pdBoo [

3 FI = 3433 Fu = 3833 dF =0 df, = 00:00.000.000 | Speed =10 t1 = 00:00.160 t2 = 00:00.160
D:\Mon_a\Signals\321\321(0).wav M[=1(E3)

|

MWMWWW?

paha H X

dT = 00:00.000.000 | Speed =0 H = 00:20.217 t2 = 00:20.217
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Compare the above to a good sample below:

-
D:\Signals\SignalsForRS\chn_mfsk-32\f{0).wav

FFTSize [512  ~| | Shift v| | 1Type [- 50 db ~| | Filter [Kaiser. b=8 ~|  MinF [EENI | Maxr EEIR Autol [~

AR =t =R = R L e L= )

1 o
alelw T« SR N =& g T O =) =TT )

Fl =3126 Fu= 3126 dF =0 dT = 00:00.000.000 | Speed =0 t1 = 00:00.096 t2 = 00:00.096
[ CEX]|

LPF |50 - D Hz W3 BKAOYEHHEL CNOBApEN
HANEAFR NRHM A PyrrkLid - AH rii

I E—————————————————

Ralim-me

faiha H

dT = 00:00.000.000 | Speed =0 H =01:06.513 t2 = 01:06.513

-

3

2x

Finally, if an FSK/MFSK sample quality is poor, analysis may be possible. However if the

modulation is ODFM, PSK or QAM analysis is unlikely and the file should be rejected.

The analyst can only solve with what was produced in the recorded signal. The provider must

tender a recording "as is", without any additional manipulation.
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19.11.2.2 Level Adjustment.

J Centurion Dffline Analyzer [16 October 2007] * - [E:\WavecapturesA\HEB-zhip gso-a(0](c1]). wa¥x]
W File Windows Help

FFTSize [1024 =] | shift [FERMATE =] | 1Type [-50 db =] | Filter [Kaiser. b-8 =] | MinF [0 | MaxF [4000 (I\AutoL |‘)

Image shows two
submode bursts
from a Pactor-Ill
transmission as
loaded from a pre-
recorded file.

.
) I =" - o == ) O |

Fl = 2015 | Fu - 2015 dF -0 | dT = 00:00.000.000/ | Speed - 0 |'t1 - 00:00.008 | t2 - 00:00.008
SamplingRate = 8000 | BitPerSample = 16 |

Whilst there are two level control facilities provided the analyst should really only use these for
initial examination of the signal rather than use during the signal preparation phase.

Both these functions cause distortion to the signal or the image.
These are used to compensate for poor recordings. It cannot be over-emphasized about the

need to start with a good quality recording. One should turn off pre-filters, ALC and AGC during
the recording stage.
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“J Centurion Offline Analyzer [16 October 2007] ~ -
"X File Windows Help

FFTSize [1024 =] | shift [Size/16 =] | Type [- 50 &b =] | Filter [Kaiser. b-8 =] | MinF [0

\Wavecaptures\HEB-ship gso-a[0](c1).wav]

| MaxF [4000

Original image with AutoL
(Auto Level) applied.

Changes the image but not
the WAV.

@@ﬁ 0 o = s O~ (= | -3

Fl = 2015 [Fu=2015 |dF-=0 | dT = 00:00.000.000 | Speed = 0 |1 = 00:00.008 | &2 - 00:00.008
SamplingRate = 8000 | BitPerSample = 16 |

‘_‘! Centurion Dffline Analyzer [16 Dctober 2007] * - [E:\Wavecaptures\HEB-ship gso-a[0])[c1)(h1).wa¥]

I File ‘windows Help

FFTSize =1 | shitt [Sizer16 =]/ | 1Type [-50 db =]/ | Fittes [Kaiser. b8 =] | winF [0

| MaxF [4000 | Autol [

Original image with HLC
(Hard Level Control)
applied.

In this case the .WAV s
changed.

)| — 3 3 M I S d MR T > S ot
-

1= 3626 |Fu=3626 | dF-=0 | dT = 00:00.000.000 | Speed = 0 | 't1 = 0o:00.008 | ¢2 = 00:00.008
SamplingR ate = 8000 | BitPerSample = 16 |
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19.11.2.3 Filtering.

For quality results all noise beyond the limits of the signals spectrum must be deleted.

£ E:\COA'Files\,7719(0).wav _|ol x|
Shift [Size  +| | 1Type [- 50 db ] MinF [0 | ManF [4000 | Autol [ ‘

‘ FFTSize [1024 |-

Filter |Kaiser, b=8 ||

o | 2
e = O O
[ F1=1265 [Fu=2179 | dF =914 | 7= 00:00.000.000 | Speed =0 [t =00:00128  [i2 -00:000128

The horizontal cursors should be set approx 50-150Hz outside the signal limits and the

bandpass function called.

F3E:\COA\Files', 7719(0)(f1).wav _|o x|
|FFTSize| -] | shift [Size =] | 1Type [- 50 db =] | Filter [Kaiser. b=8 <] | MinF [0 |MaxF|4l]l]l] |AutuL|_ ‘

o |
e o - s < = | I
[F1=1874 [Fu=1874 dF =0 [ dT = 00:00.000.000 | Speed =0 [t -o0:00128 |2 -o00:00.128

The above result may be copied into a new file.

It may be considered prudent to use the bandstop function to remove noise from between the

tones.

{4 4E:\ COA\Files\ 7719(0)(F1).w: [ IE:\COAFiles',7719(0)(f1)(f1).wav
Shift [Size || | IType |- 50 db || FFTSize | 'I =] | 1Type |- 50.db |

FFTSize 1024 ||

Shift |Size Filter [Kaiser. b=8 = | | MinF [0

] |
el 0 | o =l 2 s e & ol fwt ] ] i @ feooo
[F1=1570 [Fu=19:13 dF = 343 dT = 00:0( | FI1 = 1874 [ Fu=1874 dF =0 [ dT = 00:00.000.000 | Speed =0 t1 = 00:0

This should be avoided since it removes important transitional information.
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19.11.3 Baud rate considerations

19.11.3.1 Basic measurements

If it is required to have something measured there are two primary methods:

1. Classical method. This is the AM (amplitude detection) method. It works well on FSK,
PSK and QAM signals, but is very poor, or does not work on MFSK and OFDM.

2. COA has an exclusive second method also known as Modified AM. This will work on all
types of signals, but was designed specially for MFSK.

Classical

FIE:\COA'\Files' 7719(0)(f1)(ul).wav

{4 4E:\COA\Files', 77 19(0)(f

IType [- 50 db =] | Fitex[Kaiser. b=8 [=] MinF [0 | Masr [894 || scate [171 =] |

Baud Rate

lina \ Harmonic lines

|FFTSize|1024 =] | shift [Size ||

=] 0
'W CamierTone

\F BaudRate

IZ 'l nPsk

7 SyncSensitivity [~ PLL slow I

¥ MonStop [~ Summary II,—
[ use RRC filter [ Life e

L, | O] e |

=]

'Fl=129.88  |[Fu=260.74 |dF-130.86 |

Shift [Size ||

IType |- 50 db | | Filter | Kaiser. b=8 |

|FFISize|1[|24 |

[ whitelQ

25 2 DUEN L] Ie [

[F1=1874 [Fu=1874 [dF=0 | dT = 00:08.064.000 [ Speed = 0.12

The High Resolution module is
called (above) and gives a highly
accurate measurement and is
preferred to that obtained using
the u spectrum window

FFTSize [ETECME =] | Shift [size IType |- 50 db |=| | Filter |Kaiser. b=8 ||

o

S B

;l_l L ! JL LR | el T h AN ad, ¢ i
alalsy B« N O = = = S P B
[FI=8 [Fu=130 | dF = 122 | dT = 00:00.000.000 | Speed =0

The u window results can be improved by zooming as shown
here. The baudrate line is measured using the Fu cursor.
However this measurement is only to be considered as an
estimation since one pixel represents a range of about 7-10Hz.
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Modified AM

¥ 4E:\COA\Files,
Shift [Size ||

54 7719(0)(f1 )(um?2).wav

IType [- 50 db =] | Fitter [Kaiser. b-8 <] | MinF [0 | MaxF [54 | scale [11 5] |

| FFTSize [1024 |

Baud Rate

line \ Harmonic lines

o
EEN < 0 o = T = e S W |
[F1=1874 [Fu=1874 [dF -0 ['dT = D0:00.000.088—Speed = 0

+“—

IType |- 83 db ||

El

| FFTSize [4096 ||

Shift [Size Filter [Kaiser. b=8 ||

133 CarrierT one
100 BaudRate I~ WritelQ
\ 2 | nPsk

|¥ SyncSensitivity [~ PLL slow |I|:|—
[¥ HonStop " Summary E—
[ use RRC filter W Life & m
E] j 05 ]

peed=0.08 Fi_q20.88  |Fu-260.74 |dF-130.86 |

T | — LT IO BT R

[F=133 [Fu=133 [dF =0 [ dT = 00:13.311.999

Again the um window results can be improved Again the baudrate is accurately
as shown (this time by adjusting FFTSize, and measured at 130 Hz.

IType). The baudrate line (marked by the yellow

arrow) is measured using a horizontal Fu cursor.

As above this measurement is only to be

considered as an estimation since one pixel

represents a range of about 7-10Hz.

The Modified AM (compared to the Classical) method tends to give clearer lines and smaller
noise. However the Modified AM method is not a full replacement for the Classical AM method -
it is simply another instrument.

In respect of both if the signal in the High Resolution module does tend to be noisy return to the

u or um window in use and try by defining with the vertical markers a better area and/or
possibly a shorter section.
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19.11.3.2 MFSK(1)

Classical AM method does not work on MFSK. Note the lack of spikes in the High Resolution

module window.

CHINA(O) (UL ). wav

Shift [sizes2 -] | MaxF [B34 | scale [1n 5] |

‘ FFTSize (512 -]

él@]ﬁ 2 DV ] (e fef ]|l @)

[F1=1882 [Fu=1882 [dF-=0 [ dT = 00:007000.000 | Speed = 0
K

4

Shilt [Size/2 || CantierTone

l—
lr BaudRate
2 'l n-Psk

‘ FFTSize (512 -]

[~ use RAC fiter [V Life

¥ SyncSensitivity [ PLL slow
[+ MonStop [~ Summary

i I 'Il].5

!.IQ.IE x DE HE " | i @ —

I~ WritelQ

ojmf
e
Ellij

[FI=16 [Fu=1598 [dF-1582 [dT - DD:05.024.000 |Speed=0.2 |FI-139.65 |Fu=157.23 |dF-17.58 |

However the Modified AM method works very well on this signal.

E NCOAFiles' theory  CHINA(O)(um2).wav
| MaxF [834 | seale 11 5] |

‘ FFTSize |512 =] | snit

Baud Rate o
Harmonic lines

[ F1=1882 | Fu = 1882 |dF 0 [dr = uuuuuuuuuu

JE5|

1903.5 CariierT one

100 BaudRate

2 'l n-Psk

™ use RRC filter [ Life

4

¥ SpncSensitivity [ PLL slow
[¥ MonStop [ Summary

]
NN M DE EHEE

j:l 05

[ whitelQ

OEE
T
Elij

[FI=18 [Fu=3791 |[dF =3775 | dT = 00:04.352.000 [Speed = 0.23 |_F| =75.2 Fu-150.39 |dF-752 [
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19.11.3.3 MFSK(2) - on very short bursts using direct measurement

The Classical and Modified AM functions are precise methods and must be used as first
procedures. However it is not always possible eg on very short signals.

Neither the Classical nor the Modified AM methods will give good results. This is due to general
problems with short and very short records.

What can be done?

Use direct measurement; there are no alternatives. Direct measurement requires the use (for
FSK and MFSK) of the FSK-DEM function.

1ol x|

| MaxF [3000 | Autol - |

ift [Sizes8 <]

‘ FFTSize 128

e
[ F1=1447 [Fu=1447 [dF =10 { dT = 00: nn 343 999 | Speed 291 :03.743  [t2 =00:04.093
E SCOANFiles' theory, TWINPLEX(0)(f1)(c1 )owav - o x|

ift [5i ~| [-50db -] |Ha:u:F|3|]l]l] |AulnL|_ ‘

| FFTSize | 'I

G 2l
2] 5 0 I = 30 = T . = | ETT T
[FI=1447 [Fu=1447 dF =0 | dT = 00:00.341.333 | Speed = 2.93 [t -00:00685 |12 -00:01.026
Start the exercise by filtering and creating/saving a copy of a short section of the signal.
FE\COA\Filestheory' Twinplex-cut2(0).wav - o] x|

Wt

‘ FFTSize | 128

MinF TN | M [EREH | Autol - ‘

Al i
e A ) HE el el A (el sdem—
[ FI =208 [Fu=1656 | dF = 748 | dT = 00:00.000.000 | Speed =T\ |1l = 00:00.456 |12 = 00:00.456 7

>y
Open the new file, set the horizontal cursors and call the FSK-DEM function
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=10l x|

| MaxF [3000 | AutoL [~ ‘

FileSaveas »
1 WiaveFarm

Cancel

£ b« o N ) - Jﬂ@_lﬁlM!ﬂ | [6000
[FI=14%7 [Fu=1447 [dF=0 | dT = 00:00.000.000 | Speed=0 |t1—mjuu§sa [t2=-00:00588

If the previous window was subject to zooming click the Reset/zoom button. Adjust the
horizontal slider until the trace appears. Call the Waveform function

FE:,COA\Files'theory' Twinplex-cut2(0)_fsk. - |o| x|
| 0Hz | ‘

.
|r‘h ) 'Fﬂ I' o |‘uil |”II ||I I""‘ e |II ||
A Sy il rllw W

[ | | dT = 00:00.000.000 | Speed =0 [l = 00:06.010 | t2 = 00:06.010

Zoom and position as required.
The next steps determine an estimated baud rate.

L\‘J -Hn\'\l I ket gl ey 1

o] v oo | [ b '—. | L,,l L,,_I‘”lll wqw | L\ﬁ.ulu

Select a short transition. The approximate baud rate appears as Speed=.
Set the LPF to this value or next greater. Invoke the update LPF function.
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Waveform Viewer after LPF filtering.

E:\COA\Files\theory® Twinplex-cut2(0)

495319905 | ‘

I
|
“"'I l"' || | |I||

[ dT = 00:00.029.404 | Speed = 34.01 [t =00:06.163 |2 -00:06.192 4

Find a section of continuous short transitions and select with vertical markers. For maximum
accuracy the selection must contain 3, 4, 5,.... transitions; the more the better. There are two

ways of obtaining the actual baudrate value.
1. Click the indicated box and note the second value, or.

F3E:\COA\Files\theory', Twinplex-cut2(0)
| LPF -l 49.6-99.21 | ‘

| I
1

| A

J _\II |”| || II |“|

= 00:06.283

[ dT = D0:00.030.994 | Speed = 32 26

[n

2.

Multiple the Speed= value by the number of delineated transitions.

I
|
-. I| J

“\l Il | | ||.I

[ [ [ dT = 00:00.039.736 | Speed = 25.17

[ 11 = 00:06.382

[ t2 = 00:06.422
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Further examples:

\Signals\SignalsForRSY plex_Sp\f{0)(f2)(c4)_fsk.wav

50,39-100.79 After select click this.

Good fragment

4 1 13
ol =4 E Eibid
dT = 00:00.050.354 | Speed = 19,86 t =00:02.231 t2 = 00:02.282
[ / BEE!
LPF |50 - 49 68-99.35

Also good fragment

dT = 00:00.041.198 | Speed = 24 27 H = 00:04_406 12 = 00:04_447

LPF |50 - 10.19-20.39 10 _short transitions

dT = 00:00.100.199 | Speed = 9,98 H = 00:04.346 12 = 00:04.446
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19.11.3.4 OFDM(1)

OFDM is a very problematical signal particularly if of short duration. Quality of the sample must
be of prime consideration for analysis. This sample has 93 tones.

E M COANFiles' theoryR_93(0).wav - O] x|
|FFTSize|1I]24 *l Shift | .[ ITypeI—SI]dh v[ Filter | Kaiser. b=8 |~| | MinF [D |Ma:¢F|5512 |AutoL|_ ‘

2UE 2 PE L e ]l @ edfiTozs
[ F1= 2083 [Fu=2583 [dF=0 | dT = 00:00.000.000 | Speed =0 [v1 = 0000011 |2 = 00:00.011 v
- o] x|

Shift |Size/8 ||

Filter I Kaiser. b=8 - l

IType |- 50 db ||

MinF EEENN | Maxr BN | AutoL I ‘

y — |
2)eH]| 2 BE S x| m @ pdfos
[FI=1911 [ Fu=1340 dF = 23 | dT = 00:00.000.000 | Speed =0 [v1 =o0:00092 |2 - 00:000082

On a good quality signal by a combination of zooming, and adjustment of the FFTSize and Shift
options the channels can be made discernable

The best approach is normally to select one (bottom or top) channel and determine the
baudrate. The baud rate is constant for all channels.

Why bottom or top? Effect from other channels will be at a minimum.

However in this case one of the center channels is of better quality and is filtered.

E:\COA\Files'theory'\R_93(0)(f1).wav - o] x|

shift [Sizes8 -] | 1Type [-50 db | | Fiter [kaiser, b-8 | | MinF KEZENN | MaxF EZZIN | AutoL ‘

‘ FFTSize | 'I

< 2l
SUE ] 4 IRV I I - . 2 e - = | (I
| FI = 2006 | Fu = 2006 dF =0 [dT = 00:00.000.000 | Speed = 0 [t -=o0:00092 [t2-o00:00092
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Centurion Offline Analyzer [07 June 2007] == x|
File ‘Windows Help

<= ¥iE: =

|FFTSize|8192 | | shift [sizesa [=] | 1Type [- 50 db =] | Filter[Kaiser, b=8 <] || MinF [0 | MaxF [E16 | seale [17 5] |

Isolated channel

| F1 = 2008 [Fu=2006 [dF=0 | dT = 00:11,481_496

[HE X

‘ FFTSize [8192 -]

Ve [— W |0 =) =] ﬂﬁﬂw%,
Speed = .08
/

1Type |- 50 db ]

Filter |Kai7ér, b=8 ||

Shift [Size/8 ||

| MaxF [E16 | seale [11

|

Classical

)| — 0 | SR D)=
FiE

|FFTSize|8192 =l

Shift [Size/8 =] [ 1Type |- 50 db =] | Filter [Kaiser, b=8 |

Modified 1934 CariierT one
100 BaudRate I witel
2 ~| nPsk

[¥ SyncSensitivity [~ PLL slow w

3| — e W O = O % T L R
I_T Anna - anna [ 3 nanandrsnace Tr___a non [ use RRC filter [ Life r—l—_lr_'l
| SamplingRate = 11025 [ BitPerSample = 16 |

#/start| | B®paint Shop Pro ... | @ Centurion |[5¥ centurion Off... n « QY 12:24

Both methods (Classical and Modified AM) are employed for accuracy and comparison. These
are called in turn from the isolated channel window.

The High Resolution Viewer is called in turn from the created u and um windows.

Both are seen to give the same result.
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19.11.3.5

OFDM(2)

A second example using a 20 tone system as source.

COANFiles' theory: YUG(0).wav

=0l x|

‘ FFTSize 1024 -]

shift [Size -] | 1Type [ACERTR ]

Filter | Kaiser, b=8 ||

MinF Il] | HaxF|4l]I]I] | Autol [~ ‘

S 2 DIEN Ll e o] 5 ] i@ pdlfeooo
[FI=1874 [Fu=1874 [dF =0 | dT = 00:00.000.000 |Speed=0 [ =om:00128 [2-o00:000128 4
o =10l x|

‘ FFTSize [8192 ||

Shift |Sizess |~| | IType |- 65 db ||

Filter |Kaiser, b=8 x|

MinF ETENI | Maxr TN | AutoL ™ |

g 2
ajalH]| 2 DE] e x| b | m @ edfeooo

| F1 =554 | Fu = 648 [ dF = 94 | dT = 00:00.000.000 | Speed =0 [t =00:00.256 [ t2 = 00:00256
F e\ COAFiles' theory YUG(0)(F1).wav _ o] x|

‘ FFTSize | v[

Shift |Sizess || | IType |- 65 db |

Filter |Kaiser, b=8 x|

MinF EIENI | Woxr TN | AutoL T |

RIURI o R 5 - . P o <> = I
[ F1= 585 | Fu =585 [dF =0 | dT = 00:00.000.000 | Speed = 0 |11 - 00:00.256 |12 - 00:00.256
©Copyright Monteria, LLC 137



N7 MONTERIA

Ficenturion Offline Analyzer [07 June 2007]
File ‘Windows Help

s 4

|FFTSize|8192 =1 | shift [sizesa [=] | 1Type |- 65 db ] | Filter[Kaiser, b=8 <] | MinF [0 | MaxF [B34

| seale [17 5] |

/Isolated channel

| — s D =) 1 Pl R T
3

Shift [Size/4 =] [ 1Type |- 65 db =]

‘ FFTSize [8192 -]

Filter |Kaisey b=8 |

§ UG(0)(f1)(um2).wav

| Mar [B54

Classical

| scale [171

]|

U~ — W) DR |4
3

|FFTSize|H152 =l

Shift [Sizes4 -] | IType |- 65 db =] | Filter [Kaiser. b=8 |

Modified

@@E 2 DUEN LI Ve e o o] |l )

| 'F1 = 585 [ Fu = 585 [dF =0 | dT = 00:16.384.000 [ Speed = 0.06

<

585 CarrierTone
100 BaudRate

2 vl n-Psk

¥ SyncSensitivity [~ PLL slow E:I_

™ WhritelC

[¥ MonStop [~ Summary E—_

[~ use RRCfilter [ Life ,—,—_I,—_vl
3

| SamplingRate = 8000 [ BitPerSample = 16 |

2 Start| | 89 Considerations-... | B Paint Shop Pro ... | & Centurion | centurion off...

Again a very good determination of the baud rate.
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19.11.3.6 OFDM(3) where unable to isolate a single channel

Now to consider the situation where the selection of one channel cannot be achieved.

=1ofx]

II] | MauF|4ﬂﬂﬂ | Autol [~ ‘

‘ FFTSize [1024 |-

S o 15 O N = 3 D > = | T
[FI=1874 [Fu=1874 dF =0 [dT = 00:00.000.000 | Speed = D |1 =o00:00.032 |2 -00:000032 @

| [ [ | dT = 00:00.000.000 | Speed =0 |1l =00:00127 |2 =00:000127

This is a good sample but selection of one channel isn't possible. A very short burst with
moreover a very short cyclic prefix (typically used in OFDM technologies and channels are not
visible. Therefore look carefully at the detailed spectrum of one of these bursts.

FIECOA\Files'theory\G W(0).wav - o] x|
| MaxF [4000 | AutoL [~ ‘

el ﬂ )0 T =, S e - = | G

[FI=1929 [Fu=1929 dF = [dT = 00:00.000.000 | Speed = 0 [ =0000.772 [2-00:00772 4

Note the range of transitions.
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A simple measurement is required. Clear the windows and return to the source file.

Delineate (over a group of bursts) the core signal. Filter using the bandstop function leaving
these transitions.

- O] x|
MinF (TN | Maxr EEZEMN | Autol ‘

|FFTSize| -I ShillISize -[ |IType|—5I]dh -[ FiIlerIKaiser,h=8 -[

i
B = (= P |-
[Fu=2145  [dF-3844 | 47/~100:00.000.000 | Speed =0 [t1 = 00:00.064 |2 -o00:00.064
Ficenturion Offline Analyzer [07 June Z007] =] |
File ‘Windows Help
£ 4 I

|FFTSize|512 -~

Shift [Size ||

IType |- 50 db |

Filter |Kaiser. b=8 ||

MinF [0 | MaxF [634 | seale [1n 5] |

Isolated transitions
55.66 Baud

o

‘ FFTSize (512 -]

Shift [Size x| | IType |- 50 db ]

Filter IKaise/b:H =

W01 )(um2).waw
| seale 11 5] |

| Mar [B54

N 2 DUE] LI/

T

‘ FFTSize[512 -]

El

Shift [Size IType |- 50 db =] | Filter [Kaiser, b=8 ||

| Modified

W CarrierTone
100 BaudRate ™ Wiitelt
. 2 | nPsk
@_lei ___l ﬂ__] Qgﬂ i' oA MM@ ¥ SpncSensitivity [ PLL slow El:'_
[F1=1326 [Fu=1326 [dF=0 [dT = 00:02.624.000 | Speed = 0.38 ¥ NonStop ] S, =
[~ use RRCfilter [ Life J—— _I_vl
K| v
| SamplingRate = 8000 [ BitPerSample = 16 |
#/start| | B®paint Shop Pro ... | @ Centurion |[5¥ centurion Off... s « 22T G 14:40

The Classical and Modified AM methods are again employed in turn to achieve a compare and
accurate measurement.

As with other instruments COA has more facilities but the above are the recommendations to

give an accurate result. Alternatively one could select two or three channels and use the Modify
AM method. Not a guaranteed accurate procedure but is faster trick.
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19.11.4 Constellation Viewer Considerations.

In the latest version of Centurion Offline Analyzer the Phase Viewer's Summary check box has
been re-assigned as Lines.

In conjunction with the SyncSensitivity setting four options can be selected to improve or give
different aspects to the constellation display.

-] _ Ordinary picture. Such an image does not yield
S an adequate display without clock extraction, but
T o= can be useful to compare with others mode and
o views
'l Sensitivity [ PLL slow
¥ MonStop [~ Lines

o [ use RRC filter | Life
9 rlos

i =] | i

TrajeCtOFy Sett|ng IW CarnerTone
|2399-93 BaudRate
The trajectory shows the actual direction of travel e =] nPsk
from constellation point to point rwp PLL slow
¥ HonStop v Lines
[ use RRC filter | Life
[« | *los
1818.18 | CanierTone Constellation setting.
|2399-95 BaudRate
m n-Psk
v Sensitivity [ PLL slow
¥ MonStop [~ Lines
[~ use RRC filter | Life
] | *los
Transmopf1 sett;]ng. This r|1makge is the default oEw
setting with both boxes checked. ]
IB vl n-Psk

The transition view shows the possible
(theoretical) paths.

FWF PLL slow
[+ NonStop [ Lines

[~ use RRC filter [V Life

L _ ~los
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19.11.5 Interpreting Constellation Diagrams.

Not a definitive treatise in PSK with it's usual and frequent meanderings into calculus.

Just some basic constellation forms and how they appear in Centurion's Constellation
Diagram.

19.11.5.1 The Complex Plane

In math this is a geometric representation of complex numbers established by a real axis (I) and
the orthogonal (at right angles) imaginary axis (Q).

It appears in many forms and in communications as the Constellation Diagram where it provides
a representation of a signal modulated under a PSK or QAM digital modulation scheme.
90°

135°

' 450

180° . ‘ 0° In Phase

(Real axis)

225° . LT 315°

270°
Quadrature

(Imaginary axis)

The diagram above shows the angle of each of (in this case 8) the supported phases starting at
0° and progressing anticlockwise though 360° around the origin. The Constellation diagram will
show a phase, star or symbol where indicated above due to the screen persistence as the
modulation holds the signal for at least one symbol period.

The dotted imaginary line represents the amplitude of the signal with reference to the origin.
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19.11.5.2 BPSK

1800 ____________ 00
Bit 1 .' Y BIitO

Binary PSK.
(Remember M-ary = 2" symbol states where n = number of bits encoded per symbol.)

Two phases - 2-ary - each phase or symbol state represents 1 bit in the data stream.
[2" (wheren=1)]

The dashed lines represent the transitions between one symbol state and the next.

-

1497 .54 CarrierT one
30.24 BaudR ate

~| n-Pzk
[T SyncSensitivity [ PLL slow
[+ MonStop [¥ Lines
I~ use RRC filter [ Life

Kl _ +jos

J

BPSK31 - 2-ary
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19.11.5.3 QPSK

90°
Bits 01

/

1.800 < ____________ 9 Oc_) |n Phase
Bits 10~ / Bits 00 (Real Axis)

/
N\

270°
Bits 11

Quadrature
(Imaginary axis)

Quadrature PSK. (aka Quaternary PSK, Quadriphase PSK, or 4-PSK)

Four phases - 4-ary - each phase represents 2 bits in the data stream. [2" (where n=2)=4]

=

150077 CarrierT one
124.98 B audR ate

)

| n-Psk
[T SyncSensitivity [ PLL slow
[¥ MonStop [v¥ Lines
[~ use RRC filter [ Life
_|

B Kl _ ~los

A sample of how QPSK is displayed on Centurion's Constellation Diagram.
Note that in QPSK there are transitions between symbols both 90° and 180° apart
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19.11.5.4 8PSK

(used in PACTOR-II, PACTOR-IIl, STANAG and other systems)

Eight phases - 8-ary - each phase represents 3 bits in the data stream. [2" (where n =3)=8]
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8PSK Transitions

8PSK Trajectories

8PSK Phase Constellation
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19.11.5.5 OQPSK

(Used by CIS-1280 system, CDMA and other systems)
Offset QPSK. (aka Staggered PSK)

In this case the | and Q data streams (considered as alternate odd and even bits in the stream)
are not permitted to change modulation states together but are offset or staggered by half a
symbol. This results in no symbol transitions of 180° occuring. The signal never passes
through the origin.

This method gives an interesting transition scheme; moreover it displays a compact spectrum
and maximum speed at once. For OQPSK, bandwidth of spectrum = baud rate.
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Typical picture OQPSK on ordinary phase viewers, looks like this:

1655.2 CarrierTone

1280.06 B audR ate
|4 - | n-Psk

[ SyncSensitivitp [ PLL slow
[+ MonStop | Lines

| I useRRCfiter ¥ Life

< < _ [

In analysis, it is desirable to view full transitions:
|1EE4.EI? CarrnerT one
|123l] BaudR ate
|4 v| n-Psk

v SyncSensitivitp [ PLL slow
[+ MonStop v Lines

| I useRRCfiter v Life

< < _ [

Transitions of OQPSK are theoretical, and not real trajectories. Real trajectories are better-
displayed on generated signals, without noise and distortion.
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OQPSK Transitions

B
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OQPSK Trajectories
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OQPSK Constellation
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OQPSK Spectrum

o C:\Mon_a\Septemberi\test_oqpsk({Q).wav E][_E_]
FFTSize [i024 | ~| | Shift [Size  ~| IType |-50db =| | Filter |Kaiser. b=8 ~| | MinF TR 2702 |

Autol [

BW = Baud rate = 240 Hz

« -
@lal¥ \ x| DI HER el @] edEe0n s| )
Fl = 1690 Fu =1929 dF = 239 dl = 00:00.000.000 | Speed =0 1 = 00:00.852 t2 = 00:00.853

OQPSK has both advantages and disadvantages, and one difficulty is in clock extraction.
Problems with clock extraction occur with BPSK, QPSK and 8PSK as well as with DBPSK,
DQPSK, etc. If data has long strings 0...0 (for example) then point of phase does not move, and
clock extraction is impossible. There are other phase manipulations that will allow for clock
extraction.
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19.11.5.6 SDPSK (Staggered Differential PSK)

(Used by the ORBCOMM satellites)

In SDPSK, each bit represents a direction of phase change, for example: +90 = 1 and -90 = 0.

a0

SDPSK Constellation
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SDPSK Transitions

SDPSK Trajectories

©Copyright Monteria, LLC
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19.11.5.7 m/4-DQPSK

(Used in PACTOR-II, PACTOR-IIl and some mobile telecommunications services)

This variant uses two identical constellations which are rotated by 45° (= 11/4 radians from which
the name is derived).

SDPSK utilizes phase change direction for transmitted data, but permits transitions only
between two constellations (green<blue), and does not allow inner transitions (green<green,
blue—blue).
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This diagram shows the composite signal modulation and transitions for pi/4 DQPSK

Red lines - forbidden transitions

In other words, transitions on (for example) +45 = 00, -45 = 01, +135 = 10, -135 = 11. This
method also, as with SDPSK, always guarantees very reliable clock extraction.

pi/4 DQPSK Phase Constellation

B

1780.05 CarrierTone
2373.42 B audR ate

B *| n-Psk
v SyncSensitivitp [ PLL slow
[+ MonStop | Lines

[~ use BRC filter v Life

< _ [

=
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pi/4 DQPSK Transitions

1780.05 CarmerTone
2373.47 B audR ate
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pi/4 DQPSK Trajectories
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v MonStop [+ Lines
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There also exists hybrid phase modulation methods, which reveal unusual spectra such as that
of the CIS AT-3004 12-tone modem.
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CIS mod-PSK AT-3004D modem Transitions

2098.53 CamerTone
120,23 B audR ate
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Contrasting with standard PSK, this modem's main energy is concentrated in very narrow
bands.
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ok
MinF |0 MaxF (4000 Scale |81 -

< |

£ C:\Signals\SignalsForRS\CIS 12-TOMNE PSK MODEM\f1(0).wav

MinF |0 MaxF (4000 Scale B/

Standard DBPSK
in channel

K

All modes where the trajectories/transitions never pass through the origin, have a lower
requirement to linear RF devices(e.g. output amplifier needs not to be highly-linear). The

tradeoff for this tolerance is lower speed (SDPSK, pi/4 DQPSK), or difficult clock extraction
(OQPSK), and other minor problems.
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19.11.5.8 Few more observations.

PSK Demodulation

PSK is demodulated coherently by referencing against the phase of a local carrier. To ensure
this is approximately 0° it is necessary to:

a. transmit a carrier phase reference adjacent to the data signal, or

b. derive the reference signal from the data signal itself.

Differential encoding (DBPSK/DQPSK).

Instead of using the bit patterns to set the phase of the carrier the alternative which can be used
is to change it. The demodulator determines these changes in the phase received rather than
the actual phase.

Since this system depends on the difference between successive phase it is termed Differential
Phase Shift Keying (DPSK).

The plus side - Simpler implementation than PSK. There is no requirement for the demodulator
to have a source of reference signal against which to determine the exact phase of the
incoming signal.

The down side - Produces more erroneous demodulations.
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Gray coding.

When the bits are mapped to adjacent/successive symbols this might result in one or more one bits
changing.

Phase® Bits Bit changes
v
0 00 2
a0 01 1
180 10 2
270 1 1

|
v

0 000 3
45 001 1
90 010 2

135 011 1
180 100 3
225 101 1
270 110 2
315 111 1

For M-ary signalling the concept of Gray coding for optimising the bit error probability for a given symbol
error probability is likely to be used. It is prudent to use an intelligent assignment of bit patterns to
symbols in the constellation space to ensure that adjacent symbols only differ by one bit. Following is a
typical example:

Phase® Bits Bit changes
0 000 1

45 001 1

90 011 1

135 010 1

180 110 1

225 111 1

270 101 1

315 100 1
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19.11.6 Baudrate Correction Considerations.

This function corrects in order to indicate the exact baud rate. It first requires an initial
correction of position of the carrier/subcarrier. First measure the each parameter as is.

Centurion Offline Analyzer [16 October 2007] * - [E:\C - = x|
o File Windows Help =l&1xl

‘ FFTSize B ‘ shift [Size | | 1Type [-50 db =] ‘ Filter [Kaiser, b-8 <] | MinF [0 ‘ MaxF [4000 ‘ Autol [~

Taking the basic
signal click the

2 P _ % Quad Amp Detect
2 2 ot = =) el < = | T T

FI 97 ‘ Fu=3311 dF = 3014 | dT = 00:00.000.00 peed = 0 t1 = 00:00.128 | 12 = 00:00.128 button

| SamplingR ate = 8000 | BitPerSample = 16 |

#/8tart| | ¥ Irfarview | ™ centirlin |[5F Centurion Of... « O Ty 14:34

Centurion Offline Analyzer [16 October 2007] * - [E:\C =
o File Windows Help _181x]

‘ FFTSize B ‘ shift [size =] | 1Type [-50 db =] ‘ Filter [Kaiser, b8 -] | MinF [0 ‘ MaxF [4000 ‘ Autol |

and produce the
baudrate line in the
u window

Delineate and call
the High Resolution
Viewer.

g o]
ST | 1= I [T

Fl-2263  |Fu-2518 | dF =255 : ] . Wl - 00:02688 |12 = 00:11.775
[ samplingRate = 8000 [ BitPerSample = 16 |

2/8tart| | 4 Irfarview | 2 cerurion |[5X centurion Of... M « 2O Qy 14:36
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£ File Windows Help
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‘ FFTSize [102¢ -]
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Filter [Kaiser. b=8 -] | MinF [0 ‘ MaxF [4000 ‘ Autol [~

I ledfiran E] i <lle 1]
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236 |Fu--3236 [dF-0

| dT = 00:00.000.000 | Speed -0
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| SamplingR ate = 8000
25tart| | e Irfanview

| BitPerSample = 16 |
| ™ Cenfurion
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To apply a correction one returns to the source file window and right clicks it's window.

FileSavesis

5 \WaveFaorm
B BaudRateCaorrection

Baud rate correction is selected.

2

\

FFTSi |1l]24 'I 5h't|5' 'I IT |-5|]dh .
e | '}\ = | ype . This causes a small entry box to appear

- on the top left corner.

Cancel

Current baud rate

Max delta baud rate:
[2373 +/- 30%

Meedsz baud rate
|24uq Apply

The previously measured baudrate
(2373) is entered, followed by the
expected baudrate (2400).

Cancel

The Apply button is clicked.

This results in a corrected signal appearing in a bre(0) window. This is considered the new
original file for a repeat of the analysis exercise. The first is to measure the baudrate.

EiCenturion Offline Analyzer [16 October 2007] * - [E:\COA - =] x|
£ File Windows Help = |

‘ FFTSize [T720 - ‘ shift [size 5] | 1Type [-50 db ] ‘ Filter [Kaiser. b=8 -] | MinF [0 ‘ MaxF [4000 ‘ Autol [~ |

Note the u window
with it's new brc(0)
source.

Proceed to
measure speed.

@@E 2 DIE e # g nim] mi@ia  pdfeoo0 5| Bl

Fl = 2222 [Fu=2580  [dF - 358 | dT = 00:08.960.000 “Snend =011 |1 -00:03327 [r2-o00:12.288
| SamplingR ate = 8000 | BitPerSample = 16 | Phasetiewer |
2/8tart| | ¥ Irfarview | 7 certurion |[5F Centurion Off... « LB Q) 1447
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The subcarrier offset is exactly 1800Hz because the receiver in this case was on VHF and
general shift depends only on the soundcard sampling rate. General shift is synonymous with
signal bandwidth - total spectrum of a signal without distortion between signal components.

For HF SSB general shift depends on sample rate but tuning accuracy is not critical for baud
rate determination. However if one wants to correct baud rate use the general shift baud rate
correction procedure as a first step. Then check and correct if required.

[ 1Centurion Offline Analyzer [16 October 2007] * - [E:\( = x|
£ File Windows Help _1= x|
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Return to the signal
source window.

Enter the delta-shift
value into the entry
box and click the
S button
(ShiftBandwidth).
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